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M  AIITHA C 1 

The  objective  of  this  study  has  been  to  develop  guidelines  for  the  electrical 
characterization  and  testing  of  microcircuits  of  varying  degrees  of  complexity  and 
to  aid  in  assuring  conformance  to  their  detailed  specification. 

Section  3000  of  MIL-STD-883  was  reviewed  and^rewritten.  New  or  modified  slash 
sheets  to  MIL-M- 38510  were  prepared  for  DTL  and  T?L-SSI  logic  circuits,  7^1  Opera¬ 
tional  Amplifier,  710/711/LM106  Differential  Comparator,  and  the  723  Regulator. 

The  results  of  the  vendor  comparison,  test  circuits,  and  proposed  slash  sheets  are 
included  in  this  report. 

Test  profiles  were  prepared  for  a  broad  range  of  bipolar  and  MOS  semiconductor 
memories.  ROM's,  PROM's,  and  static  and  dynamic  RAM's  were  considered.  The  test 
profiles  cover  static  and  dynamic  functional  test  requirements. 

MSI/LSI  test  considerations  were  based  upon  the  development  of  a  minimum  set  of 
logic  tests,  based  upon  a  stuck-at-one ,  stuck-at-zero  philosophy  in  order  to  pro¬ 
vide  a  rapid  and  accurate  functional  test  of  complex  devices.  This  testing  cri¬ 
teria  termed  "logic  Integrity  Tests"  is  described  and  is  ^proposed  for  inclusion  in 
MIL-STD-883.  Test  Vectors  based  upon  the  Logic  Integrity  Test  for  the  2  and  1»  bit 
full  adders,  k  x  2  multiplier  and  the  93kl/5^l8l  Arithmetic  Logic  Unit  are  included 
in  this  report. 
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ABSTRACT 


The  objective  of  this  study  has  been  to  develop  guidelines  for  the 
electrical,  characterization  and  testing  of  microcircuits  of  varying 
degrees  of  complexity  and  to  aid  in  assuring  conformance  to  their 
detailed  specification. 

Section  3000  of  MIL-STD-883  was  reviewed  and  rewritten.  New  or 
modified  slash  sheets  to  MIL-M-38510  were  prepared  for  DTL  and  T2L-SSI 
logic  circuits,  7Ul  Operational  Amplifier,  710/71l/LM106  Differential 
Comparator,  and  the  723  Regulator.  The  results  of  the  vendor 
comparison,  test  circuits  and  proposed  slash  sheets  are  included  in 
this  report. 

Test  profiles  were  prepared  for  a  broad  range  of  bipolar  and  MO.” 
semiconductor  miseries.  ROM's,  PROM’s,  and  static  and  dynamic  RAM's 
were  considered.  The  test  profiles  cover  static  and  dynamic 
I'uuctional  test  requirements. 

MSI/LSI  test  considerations  were  based  upon  the  development  of  a 
minimum  set  of  logic  tests,  based  upon  a  stuck-at-one,  stuck-at-zero 
philosophy  in  order  to  provide  a  rapid  and  accurate  functional  test 
of  complex  devices.  This  testing  criteria  termed  "Logic  Integrity 
Tests"  is  described  and  is  proposed  for  inclusion  in  MIL-STD-883* 

Test  Vectors  based  upon  the  Logic  Integrity  Test  for  the  2  and  U  bit 
full  adders,  h  x  2  multiplier  and  the  93^1/5^181  Arithmetic  Logic 
Unit  are  included  in  this  report. 
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EVALUATION 


1.  The  prime  objective  of  this  study  was  to  electrically  characterize  state* 
of-the-art  microcircuits  to  provide  guidance  for  the  preparation  of  MIL-M- 
38510  (General  Military  Specification,  Microcircuits)  detail  specifications 

for  generic  classes  of  devices.  A  detailed  review  of  the  test  methods  contained 
in  the  3000  and  4000  series  of  MIL-STD-883  (Test  Methods  and  Procedures  for 
Microelectronics)  was  to  be  conducted  and  recomnendatlons  for  changes,  additions 
ciid/or  deletions  made.  Optimum  and  complete  test  methods  and  procedures  to 
electrically  characterize  complex  microelectronic  devices  such  as  multipliers, 
arithmetic  units,  RAM's,  ROM's,  etc.,  were  also  to  be  developed. 

2.  This  study  was  considered  to  be  highly  successful  and  productive  with 
all  objectives  achieved.  More  specifically,  all  the  3000  series  test  methods 
of  MIL-STO-833  were  reviewed  and  revised  to  reflect  state-of-the-art  testing. 
Additional  test  methods  were  developed  to  cover  bistable  and  special  M0S 
devices.  These  revised  and  new  test  methods  are  presently  being  reviewed  by 
EIA,  AIA  and  the  D0D  agencies  to  effect  their  coordination  as  military  standards. 
Test  method  revisions  to  the  4000  series  of  MIL-STD-883  were  developed  jointly 
oy  GE  and  RADC.  This  resulted  In  MIL-M-38510/101 ,  the  military  specification 
that  will  be  used  to  procure  741 's,  747' s  and  LMlOl's  (commercial  operational 
amplifiers).  New  test  methods  were  added  to  the  4000  series  and  others  were 
ranged.  EIA  and  AIA  committees  are  presently  reviewing  the  methods  for 
possible  Inclusion  into  the  4000  series  of  MIL-STD-883.  GE  reviewed  and 
provided  test  data  when  needed  to  verify  the  electrical  parameters  specified 

fi  the  first  group  of  military  digital  specifications  (MIL-M-38510/1  through 
23)  covering  89  TTL  device  types.  They  also  prepared  In  the  MIL-M-38510 
format,  detail  specifications  covering  the  900  series  of  DTL  logic.  In  the 
linoar  circuit  area,  in  addition  to  the  741,  747  and  101,  they  prepared, 
based  on  contract  test  results,  MIL-M-38510/102  and  103  covering  the  723  voltage 
regulator  and  the  710,  711  and  106  comparators,  respectively.  The  details  and 
test  conditions  over  the  operating  temperature  range  are  presented  In 
sufficient  detail  to  cover  all  vendors'  devices. 

3.  In  the  area  of  MSI/LSI  testing,  some  significant  results  were  achieved. 

For  example,  in  testing  and  studylnq  the  54181  and  9341  arithmetic  units.  It 
was  determined  that  vendors  only  tt  k  83X  of  the  circuit.  Logic  Integrity 
tests  (basically  a  series  of  functional  tests)  to  complete  the  testing  were 
developed  and  were  added  to  the  military  specification  (MIL-M-38510/1 1)  that 
will  be  used  to  procure  this  part.  It  was  also  determined  that  a  different 
logic  Integrity  test  must  be  conducted  on  the  54181  than  on  the  9341  even 
though  they  perform  identical  functions.  Also  Included  In  this  report  is  a 
general  guideline  dociwent  for  testing  read-only  memories.  This  information 
will  be  used  to  prepare  future  military  specifications. 

4.  It  should  also  be  pointed  out  that  a  significant  portion  of  the  work 
resulting  from  this  effort  will  be  used  In  procuring  microcircuits  for  the  F-15, 
AX,  AWACj  B-l ,  Mlnuteman  III  and  Poseidon  programs. 

tL.c.tfJU' 
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Solid  State  Applications  Section 
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Section  I 
SUMMARY 


The  characterization  of  complex  microcircuits  study  covered  a  hi-nnd  -ange  of 
microcircuits  of  varying  complexity  including  analog  and  digital  circuitry*  Either 
detailed  electrical  tests  were  performed  or  guidelines  for  testing  the  various  micro- 
circuits  were  developed.  Interchangeability  teats  were  performed  where  equivalent 
parts  were  available  from  several  vendors. 

In  nearly  all  areas,  the  tested  parts  met  the  vendor's  published  data  sheets. 
However,  significant  differences  between  test  results  and  vendor  specifications  were 
found.  At  times  these  differences  could  be  attributed  to  varying  methods  of  writing 
specifications  for  these  devices.  This  was  particularly  true  of  the  more  mature  parts 
as  exemplified  by  the  dynamic  test  conditions  for  SS1-T2L  circuits.  For  the  newer 
parts,  major  differences  can  be  correlated  to  the  time  a  vendor  decided  to  become  a 
aw  und  awn  ee  for  a  particular  device  type.  His  entry  into  the  marketplace  would 
.  Kk  '.»•  of  (ho  latest  design  and  processing  ■  .inability  available  to  him  at  tha*  time. 

•  ,-u  ,r. w  dev :t*s  were  considered,  i.u.  «i**vu  ,pes  that  tube  ,.dva!ua+,e  vi  a  now 
.  t  -M'.  technique  and/or  circuit  design  hi  akihrough,  a  part u  h  \  siu..i- 

»toi  i.->  i<  "-J.  to  the  rush  to  market  these  devices,  the  bugs  in  the  design.  p.-ocousing. 
e  .;i  1*1,  and  test  techniques  have  nut  been  worked  out.  The  devi.-c  v  ill  undergo 

,  i  :pid  redesign  cycle  to  improve  performance  or  alleviate  manufacturing  problems 
and  the  associated  specification  sheet  will  vary  accordingly.  Particular  care  is  also 
required  to  properly  assess  the  test  requirements  in  this  case  since  the  problem  is 
hoi  "hsiis  ch«  vendor  met  his  data  sheet?”  but  "is  he  testing  the  correct  parameters ?". 

it  should  be  noted  that  this  problem  is  not  necessarily  confined  to  the  new  de¬ 
vices  because  it  appears  to  a  lesser  degree  even  in  mature  devices.  For  example, 
tests  to  check  If  a  flip  flop  performs  its  Intended  function,  i,e. ,  is  it  working  as  a 
memory  element,  strobe  line  gating  function  in  comparators,  noise  tests  for  opera¬ 
tional  amplifiers,  function  testing  of  digital  logic  networks,  etc.  The  general  problem 
is  that  specifications  generated  by  the  vendor  are  supplier-oriented  and  not  user- 
oriented. 

The  development  of  complex  MSI  and  LSI  digital  functions  has  significantly  com¬ 
plicated  the  component  test  problem.  This  added  complexity  has  transferred  the  1960 
subsystem  test  considerations  to  the  component  level  in  the  1970's.  The  greater  com¬ 
plexity  of  the  devices  results  in  more  possible  failure  modes.  Consequently,  the  com¬ 
plexity  of  the  test  procedures  necessary  to  guarantee  the  Integrity  of  the  component 
will  be  radically  increased.  Furthermore,  large  portions  of  the  device’s  circuitry 
will  be  "buried”  within  its  package  without  direct  access  terminals,  raising  funda¬ 
mental  questions  about  the  very  existence  of  a  means  of  testing  it. 
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Multiple  sources  supply! eg  identical  functions  of  differing  design  further  com¬ 
plicate  the  situation.  For  any  given  state  table  or  Boolean  equation  there  a  iv  a  U  re¬ 
number  of  possible  circuit  realizations  which  are  functionally  equivalent.  The  imcr 
is  faced  with  the  dilemma  of  either  periorming  exhaustive  testing  of  all  possible  logic 
states  or  the  utilization  of  computer  techniques  which  may  be  prohibitively  expensive. 
This  is  often  resolved  by  performing  a  heuristically  determined  set  of  tests  that  he  fed 
comfortable  with  or  attempts  to  extract  a  guarantee  from  the  vendor  or  vendors  con¬ 
cerning  the  performance  of  the  device. 

For  these  reasons,  it  is  recommended  that  for  MSI/LSI  devices  a  logic  flow 
diagram  depicting  the  exact  realization  of  the  internal  circuitry  be  made  part  of  the 
device  specification.  Associated  with  this  logic  diagram,  a  minimum  set  of  test 
vectors  should  be  included  that  will  exercise  each  gate  of  the  given  logic  mechaniza¬ 
tion.  When  multiple  sources  supply  equivalent  mechanizations,  each  logic  diagram 
should  be  Included  in  the  specification  and  a  cover  set  of  test  vectors  that  exercise 
all  the  logic  mechanizations  should  also  be  supplied. 

The  rapidly  growing  field  of  semiconductor  memories  that  include  ROM's, 
PROM's,  static  and  dynamic  memory  devices  have  raised  an  entirely  new  set  of  test 
considerations.  The  magnetic  memory  test  techniques  are  not  directly  applicant*, 
it  ts  difficult  to  specify  a  single  set  of  "worst  case  patterns"  when  the  memory  t . 
decoders,  and  sense  amplifiers  are  contained  in  a  single  monolithic  structure  that 
can  have  completely  different  circuit  designs  and  topology  from  several  vendors 
supplying  equivalent  devices.  The  entire  area  of  pattern  testing  is  not  induced  in 
vendor  specifications  and  no  industry  standards  exist.  Exhaustive  testing  of  a  1000- 
bit  memory  for  all  possible  patterns  is  Impossible. 

A  set  of  test  patterns  is  recommended  in  this  report.  Each  memory  type,  ROM, 
PROM  etc. ,  is  considered  separately.  It  is  hoped  that  this  will  form  the  basis  for  a 
set  of  industry  standards. 
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Section  n 
INTRODUCTION 


2.0  Objective 

The  objective  of  this  study  and  investigation  was  to  develop  guidelines  for  the 
electrical  characterisation  and  testing  of  microcircuits  of  varying  degrees  of  complex¬ 
ity  and  to  aid  in  assuring  conformance  to  their  detailed  specification.  For  digital 
circuitry,  this  included  a  detailed  static,  dynamic,  and  functional  analysis  of  the 
various  logic  arrangement  within  and  between  the  various  logic  configurations.  For 
linear  circuits,  all  parameters  as  specified  in  the  4000  series  of  MIL-STD-883  were 
reviewed  and  worst  case  conditions  defined.  The  features,  limitations,  and  inter¬ 
changeability  criteria  were  determined  and  compared  according  to  established  trade¬ 
offs  such  as  power-speed,  temperature-frequency,  etc.  In  addition,  test  methods  for 
characterizing  MOB  microcircuits  as  well  as  changes  to  the  present  test  method  were 
developed  and  reported  in  a  format. 

This  effort  developed  general  knowledge  regarding  the  optimum  ilmnrh  11  '■>  sit 
conditions  for  microcircuits,  and  provided  criteria  for  selecting  and  evaluating  interim 
critical  and  end-point  electrical  parameters  for  use  in  Government  or  cooti  e  •*  .>. 
prepared  detail  specifications. 

2. 1  Background 

.  Microcircuits  of  varying  degrees  of  complexity  are  presently  being  designed  into 
military  equipments  in  increasingly  large  numbers.  There  are  many  different  processes, 
configurations,  and  methods  involved  in  fabricating  these  devices,  all  of  which  could 
possibly  introduce  reliability  problems.  To  aid  in  eliminating  certain  failure  modes 
and  to  remove  gross  defects  in  a  given  population,  reliability  screening  and  qualifica¬ 
tion  methods  per  MIL-STD-883  and  MIL-M-38510  were  developed  and  are  presently 
being  utilized  in  military  equipment  procurements.  Concurrent  with  the  development  of 
these  standards,  MIL-STD-1331  was  initiated  to  account  for,  and  require  the  specification 
olja  minimum  number  and  type  of  electrical  parameters  for  linear  or  digital  micro- 
circuits.  This  standard  references  the  3000  and  4000  sei'es  of  MIL-STD-883  for  test 
procedures  for  the  various  electrical  tests.  However,  many  specific  details  are 
missing  in  these  two  standards  or,  again,  parameters  need  to  be  further  quantified  with 
respect  to  a  given  test  method.  For  example,  worst  case  situation  per  a  test  method 
and  a  circuit  type  need  to  be  established  and  introduced  into  MIL-STD-883  and  eventual¬ 
ly  MIL-STD-1331.  This  study  provided  this  information,  thuc  °nhancing  microcircuit 
procurement  specifications. 

Complex  microcircuits  in  the  MSI  and  LSI  categories  need  to  be  electrically 
characterized  on  a  circuit  basis  and/or  functional  basis  according  tc  established  guide¬ 
lines.  It  was  the  intent  of  this  effort  to  provide  these  guidelines  for  both  complex  bi¬ 
polar  and  MOS  microcircuits. 
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In  general,  this  effort  eliminated,  or  accounted  for  the  variations  In  electrical 
test  methods  and  parameters  for  a  given  circuit  type  purchased  from  more  than  one 
vendor  and  defined  the  optimum  or  minimum  number  of  electrical  parameters  that 
must  be  specified  and/or  tested  for  special  devices.  In  addition,  the  conditions  of  test 
were  defined  with  respect  to  the  requirements  of  MIL-M-38510,  MIL-STD-883,  and 
MIL-STD-1331. 

2.2  Approach 

Studies  and  investigations  to  develop  guidelines  for  the  electrical  characterization 
of  microcircuits,  both  bipolar  and  MOS,  of  varying  degrees  of  complexity  were  per¬ 
formed.  These  included  factors  affecting  design,  fabrication  processes,  vendor  detail 
specifications,  computer-aided-tests,  and  review  of  pertinent  microcircuit  standards. 
The  program  included  study  and  evaluation  of  the  following  work  elements: 

•  State-of-the-Art  Survey:  A  complete  review  and  analysis  of  prior  work 
directed  toward  standardizing  electrical  parameters  for  linear  and  digital 
microcircuits  was  conducted. 

•  Review  of  MIL-STD-883,  MIL-STD-1331,  and  MIL-M-38510. 

•  Major  vendor/user  recommended  specifications.  Initial  work  under  this 
element  was  limited  to  TTL,  DTL,  and  ECL  for  digital  circuits  and  to  an 
operational  amplifier,  a  differential  amplifier,  a  general  purpose  amplifier 
for  a  linear  circuit,  and  a  MOS  device. 

•  Device  Characterization:  Those  devices  mentioned  immediately  above  except 
for  ECL  were  electrically  characterized  according  to  their  a-c,  d-c,  and 
functional  parameters.  Variations  of  these  parameters  over  the  vendor¬ 
rated  temperature  extremes  were  also  considered.  Where  possible,  the 
specific  MIL-STD-883  electrical  test  methods  were  aligned  with  these  select¬ 
ed  parameters, 

•  Interchangeability:  Sufficient  effort  was  expended  to  determine  the  variations 
in  circuit  design,  testing,  and  specified  electrical  parameters  for  families 
of  devices  manufactured  by  different  vendors.  Initial  emphasis  was  placed 
on  the  930  DTL  series,  54  TTL  series,  the  standard  ECL  series,  and  on 
the  741  operational  amplifier  and  the  106  differential  comparator  in  the 
linear  category. 

•  Complex  Microcircuits:  Thte  task  was  directed  at  determining  the  optimum 
or  minimum  number  of  electrical  parameters  that  must  be  measured  to 
adequately  characterize  electronically  a  complex  device  in  the  MSI  and  LSI 
categories.  To  accomplish  this  task,  complex  devices  presently  being 
marketed  by  multiple  sources  was  considered  for  study.  A  2-bit  and  4-blt 
adder,  arithmetic  logic  unit  and  a  4x2  multiplier  were  tested. 
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Standardization  of  Tests:  A  review  of  the  electrical  parameter  tests  re¬ 
quired  in  Groups  A,  B,  and  C  tests  of  the  5004  and  5005  tests  of  MIL -STD- 
883  was  conducted  to  determine  if  additional  tests  need  to  be  specified, 
present  tests  need  to  be  deleted,  or  present  tests  need  to  be  modified.  In 
addition,  the  3000  and  4000  series  test  procedures  of  MIL-STB-88S  were 
reviewed  to  effect  changes,  additions,  and  deletions.  Results  of  this  task 
were  presented  in  a  format  compatible  with  the  appropriate  test  method  or 
procedure  of  the  applicable  military  standard. 
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Section  III 

EVALUATION  OF  DTL-SSI  LOGIC  CIRCUITS 


3.0  Introduction 


Many  years  of  experience  with  DTL  on  the  Poseidon  and  Naval  Electronic 
Standard  Hardware  Program  (SHP)  has  led  to  a  thorough  familiarization  of  the  char¬ 
acteristics  and  problems  encountered  with  the  particular  family  of  Logic.  Consider¬ 
able  data  has  been  accumulated  regarding  static  and  dynamic  electrical  parameters 
measured  over  the  temperature  range.  A  summary  of  the  d.c.  results  at  room  tem¬ 
perature  is  shown  in  Figures  3. 1  through  3.4  for  a  DTL  930,  DTL  932,  DTL  946  and 
DTL  962. 

3. 1  DTL  Specifications 

Based  on  the  above  data  and  experience,  a  proposed  set  of  specifications  in  the 
MIL-M-38510  format  was  made  qp.  These  specifications  consisted  of  a  complete 
Table  I  for  electrical  performance  characteristics  and  a  complete  Table  III  for 
Group  A  inspection  for  each  of  three  types  of  devices,  l.e. ,  a  gate,  a  flip  flop,  and 
a  buffer  gate.  Many  of  the  limits  used  in  these  specifications  are  tighter  than  those 
advertised  as  standard  by  the  manufacturers  but  have  been  easily  procured  to  in  the 
Poseidon  Program  from  more  than  one  manufacturer.  The  specifications  can  be 
found  in  the  Appendix  of  this  document. 

3.2  Changes  to  MIL-STD-883,  Method  3000’s 

Experience  gained  in  testing  DTL  devices  relating  to  test  fixtures  and  test  pro¬ 
cedures  was  used  In  the  preparation  of  the  proposed  changes  to  MIL-STD-883  Method 
3000.  Over  the  years  many  problems  in  testing  have  been  encountered  and  success¬ 
fully  resolved,  especially  with  dynamic  electrical  parameters  and  «J-K  flip  flop  opera¬ 
tion.  Information  such  as  reasonable  limits  on  forcing  functions  and  functional  testing 
of  flip  flops  was  included  in  the  proposed  changes.  In  fact  three  completely  new 
method  3000’s  were  added  to  cover  some  of  the  aforementioned  problems.  Experience 
also  dictated  a  complete  change  to  the  methods  for  measuring  noise  margins.  Method 
30 13. 

3.3  Vendor  Comments 

The  proposed  DTL  sped.  tcaUons  were  sent  to  all  the  major  manufacturers  for 
comments.  Since  these  specifications  closely  follow  the  requirements  of  the  T^L 
specifications  which  are  already  in  existence,  there  were  no  adverse  comments  on 
the  test  methods  nor  on  the  electrical  requirements.  Some  vendors  fed  that  the  usage 
of  DTL  devices  is  falling  off  and  that  the  projected  future  requirements  do  not  warrant 
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the  expense  of  preparing  new  specifications  nor  qualifying  to  them.  The  projected 
dollar  value  for  1972  is  thirty-two  million  dollars  based  on  a  volume  of  sixteen 
million  units.  This  corresponds  to  a  T*L  value  of  fourteen  million  dollars  based 
on  twenty  million  devices.  Furthermore  the  TrL  usage  is  growing  while  the  DTL 
usage  is  declining*  On  the  other  hand  DTL  has  been  designed  into  military  equip¬ 
ment  which  will  continue  to  need  replacement  parts  for  at  least  10  years.  It 
would  certainly  be  advantageous  to  military  users  to  be  able  to  procure  DTL  de¬ 
vices  to  MIL-M-385IO  processing  and  reliability. 
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Figure  3. 1.  Parameter  Distribution  of  DTL930 
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Figure  3.4.  Parameter  Distribution  of  DTL962 
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A  OlVItlOM  Of  IMTfftMATIONAk  TCLtPMONC  AtaD  TClttfttFM  COftFOAATJOM 


Ref.  No.:  G/694 
13  December  1971 


Mr.  Herb  Labb 
General  Electric 
P.  O.  Box  606 
Pittsfield.  Mass. 

Dear  Herb: 

I  would  like  to  make  some  formal  comments  on  the  proposed  MIL-M-38510 
DTI.  specs  which  you  sent.  These  comments  will  be  in  line  with  our 
telephone  conversation,  and  based  on  the  930,  932,  and  945  specs  which 
I  have  received. 

I  would  recommend  that  the  ten  lead  TO-99  package  be  deleted  as  an 
approved  package.  ITT  has  seen  very  little  demand  for  this  package,  and 
the  use  of  only  ten  leads  severely  restricts  the  logic  available. 

The  static  parametric  (DC)  tests  you  show  on  the  specs  I  received  seem 
well  in  line  with  device  capabilities.  Although  they  are  somewhat  tighter 
than  our  present  standard,  I  feel  that  we  could  meet  them  with  little 
problem  and  that  the  limits  are  more  realistic  for  high  reliability  users' 
designs . 

I  am  concerned,  however,  about  the  extensive  dynamic  (AC)  testing  you 
propose,  especially  over  the  full  temperature  range.  Good,  repeatable  re¬ 
sults  can  be  obtained  with  room  temperature  testing,  but  the  added  equip¬ 
ment  (ovens,  special  sockets  and  fixtures)  required  for  full-range  testing 
make  repeatability  and  correlation  between  vendors  very  difficult.  AC 
temperature  testing  at  best  is  slow,  unwieldy,  and  expensive. 

As  an  alternative,  I  would  recommend  that  a  comprehensive  design  quali¬ 
fication  and  characterization  be  required  on  a  one-time  basis,  and  only  lot 
sampling  be  used  on  a  continuing  basis  to  Insure  that  no  device  changes 
have  occurred.  ITT  has  supplied  DTL  devices  to  NAD  Crane,  Indiana,  using 
a  scheme  similar  to  this  with  very  good  results. 

The  945  flip-flop  spec  presents  a  good  example  of  what  I  consider  to  be 
unnecessary  testing.  You  have  proposed  testing  clock  to  output  propagation 
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delay  time  high  to  low  and  low  to  high,  setup  time,  release  time,  direct 
input  to  output  propagation  delay  time  high  to  low  and  low  to  high,  clock 
high  level  and  clock  low  level  thresholds,  and  maximum  operating  frequency, 
all  over  the  full  temperature  range.  While  I  agree  that  typical  and  limiting 
values  of  all  these  parameters  must  be  known,  I  feel  that  after  a  full 
characterization,  device  operation’can  be  guaranteed  with  room  temperature 
testing  of  clocked  operation  only. 

I  would  recommend  the  following  limits  for  AC  parameters  as  follows.  Those 
limits  are  based  on  our  experience  with  NAD  Crane  and  can  be  guaranteed 
by  room  temperature  tests . 
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If  you  have  any  questions  or  comments,  please  give  me  a  call. 

Respectfully, 

ITT  SEMICONDUCTORS 


MlW/bp 

Copies  to: 

F.  DIGesualdo 
R.  Morey 
J.  Paschal 


Michael  I.  Wier 
Product  Engineer 
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-at  ';nal  Semiconductor  Corporation 


Decamber  16,  1971 


Mr.  Herbert  C.  Labb 
General  Electric  Ordance  Systems 
Advanced  Components  Engineering 
Room  2072T,  100  Plastics  Ave. 

Pittsfield,  Moss.  01201 

REF:  5070-381 

Door  Mr.  Labb: 

* 

I  just  received  a  preliminary  characters zat ion  of  the  930  DTL  family  for  inclusion  in 
MIL-M-38510  stash  sheets.  I  must  say  I  was  surprised  if  not  shocked  to  see  this . 

The  MIL-M-38510  slash  sheets  originally  were,  and  I  believe  still  ore,  to  bo  proou’od 
for  widely  used  integrated  circuits.  The  930  DTL  family  is  certainly  not  o  popular 
family  of  devices.  The  930  DTL  useoge  reached  its  peak  approximately  2  years  -no . 
Since  then  it  is  been  replaced  by  the  faster  and  more  versatile  54  series,  TTL 
integrated  circuits,  as  the  industry  standard  bipolar  digital  logic  family.  The  930 
family  is  used  only  in  old  designs  and  the  majority  useoge  here  being  for  the  commercial 
version  in  the  dual-in-line  package  (DIP).  All  new  designs  utilize  the  54  series 
TTL  IC's.  Additionally,  930  DTL  is  available  in  only  basic  functions.  MSI  (medium 
scale  integration)  circuits  ore  not  available  in  the  930  series.  The  attached  curve-, 
depict  the  rapid  demise  of  930  DTL  series  total  factory  sales  in  both  dollars  and  unit' . 

MIL-M-38510  slash  sheets  hove  been  prepared  for  the  popular  54  series  TTL  devices 
with  more  on  the  way.  It  appear:  to  be  an  unwise  move  to  prepare  specifications,  a» 
a  substantial  cost,  that  would  not  find  any  useoge.  I  sincerely  hope  you  will  seriously 
consider  the  industry  trends  for  the  930  DTL  integrated  circuits  before  deciding  to 
incur  the  cost  of  preparing  and  releasing  MIL-M-38510  slash  sheets. 

Very  truly  yours, 

NATIONAL  SEMICONDUCTOR  COR?. 

EUGENE  R.  HNATEK 
MILITARY/AEROSPACE  PRODUCT 
MARKETING  MANAGER 

FRH/jos 

f9<v,  Scnkonduttor  Orivf>,  Sinta  C4«r*. C«IHo»ni»  9S051  (4081  73J.SOOO/TWX  (910)  339-9240  CABLE  HAISCV-COM  »FIM 
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Section  TV 


EVALUATION  OF  T2L  -  SSI  LOGIC  CIRCUITS 


4.0  Introduction 

2 

Data  was  taken  on  radiation  hardened  and  normal  low  power  T  L  devices  and 
normal  standard  T^L  devices.  All  devices  tested  were  Vendor  E's  two-input  nand 
gates.  For  comparison  purposes  certain  tests  were  performed  on  similar  devices 
manufactured  by  other  vendors. 

The  integrated  circuits  were  tested  to  M1L-M-35810/1  (USAF)  dated  1  February 
1971.  Since  this  specification  was  written  for  standard  devices,  deviations  were  made 
in  order  to  supply  appropriate  static  and  dynamic  loads  for  the  low -power  devices. 
Static  and  dynamic  tests  were  performed  at  three  temperatures:  -55°C,  +25 °C ,  and 
+125°C.  In  addition  to  the  specification,  pictures  were  taken  of  transfer  character¬ 
istics  at  the  above  three  temperatures.  Some  limited  testing  was  done  on  four  input 
rug*.  s*pecd  T~L  nand  gates  in  order  to  provide  a  tliree-way  comparison  on  input 
.  characteristics  and  transier  characteristics. 

iht:  ti  st  limits  and  loading  for  the  normal  low-power  and  radlat  lore-hardened 
V-w  power  devices  were  extracted  from  the  "Integrated  Circuits  Catalog  for  Design 
Engineers"  written  by  Vendor  E  (1971);  Catalog  No.  CC401.  Test  results  were  ana¬ 
lyzed  and  compared  with  the  manufacturers  specifications  and  to  MIL-M-38510/1  re¬ 
quirements.  Comments  on  test  results  are  given  and  problem  areas  outlined  with 
respect  to  specifying  a;:d  testing  these  devices. 

Although  testing  was  done  only  on  two  input  nand  gates,  the  characterizations 
(in  this  report)  can  be  extended  to  other  devices  in  the  same  product  line  family, 

4. 1  Summary 

4.1.1  Low  Power  Devices 


4. 1. 1. 1  Radiation  Hardened 

Radiation  hardened  (RH)  and  normal  (N)  low-power  devices  have  output  satura¬ 
tion  voltages  (Vql)  that  areO.  1  volts  lower  than  standard  or  high-speed  devices. 

The  logic  "0"  input  threshold  for  RH  low-power  devices  however  is  0, 1  volts  higher 
than  it  is  for  N  iow-power  devices.  The  results  is  that  the  RH  logic  "0"  noise  margin 
is  0. 1  volts  greater  than  it  is  for  the  N  low-power  devices. 

The  high  logic  ”0"  threshold  of  the  RH  devices  is  a  design  feature  requested  by 
the  Air  Force. 
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The  RH  device  input  leakage  is  an  order  of  magnitude  greater  than  it  is  for 
f,'  devices;  yet  the  maximum  limits  are  the  same.  Leakage  on  N  standard  devices 
is  similar  to  that  for  RH  low-power  devices;  however,  the  standard  device  leakage 
limit  is  four  times  greater.  The  maximum  limit  can  be  held  by  the  RH  devices  be¬ 
cause  the  leakage  is  largely  a  function  of  geometry.  The  N  standard  device  leakage 
is  a  function  primarily  of  process  control  and  thereby  not  as  predictable;  therefore; 
wider  limits  are  required. 

Forward  current  gains  of  transistors  drop  after  irradiation.  Input  leakage  is  a 
function  of  the  inverse  gain  of  the  iiput  transistor,  and,  if  that  gain  should  drop  after 
irradiation,  the  maximum  limit  would  be  comparable  to  the  N  low-power  device  limit. 
The  specification  limit  may  therefore  be  user  oriented;  that  is,  limits  are  based  upon 
post  irradiation  performance. 

Vendor  E!s  output  short  circuit  limits  for  RH  devices  are  broader  than  they  are 
for  N  devices.  Data  indicated  that  the  short  circuit  currents  are  the  same.  It  was 
explained  by  Vendor  E  that  the  limits  reflect  post  irradiation  performance  of  the  de¬ 
vice  and  not  initial  performance. 

Care  must  ue  taken  when  screening  1th  devices  initially  to  post  irradiation 
limits.  The  third  and  fourth  paragraph  above  illustrate  both  dilemmas  of  the  problem: 

a)  Third  paragraph  -  screening  initially  to  a  limit  that  is  too  tight.  Th»» 
could  reduce  yield  though  not  specifically  in  this  case. 

b)  Fourth  paragraph  -  screening  initially  to  broad  post  irradiation  limits 
can  allow  devices  which  could  be  out  of  specification  after  irradiation. 

A  suggestion  would  be  to  screen  initially  to  pre-irradiation  requirements  and 
then  sample  the  lot;  irradiate;  and  then  test  the  samples  to  new  limits. 

RH  device  turn-on  (tpnL>  and  turn-off  (tpLjj)  delays  were  considerably  longer 
(10-20ns)  than  N  low-power  device  delays  at  -55°C,  At  elevated  temperatures  the 
delays  were  similar. 

An  interaction  between  gate  inputs  was  observed.  See  Figure  4.8.  The  nature 
of  the  interaction  is  not  known;  however,  it  was  not  transistor  action.  In  most  cases, 
when  this  interaction  occurs,  the  input  leakage  currents  can  become  excessive  with 
respect  to  typical  readings;  however,  the  maximum  leakage  current  limit  is  so  high 
that  the  gate  inputs  will  pass  requirements.  Although  the  number  of  times  this  inter¬ 
action  was  observed  was  small,  its  stability  with  time  and  temperature  cannot  be 
verified.  It  does  not  appear  necessary  to  provide  test  restraints;  however,  a  satis¬ 
factory  explanation  from  the  vendor  should  be  obtained. 

No  major  differences  were  observed  between  the  two  lots  of  RH  low-power  de¬ 
vices  supplied  by  Rome  Air  Development  Center  (RADC). 


Based  upon  test  results,  it  is  concluded  that  the  RH  low-power  devices  supplied 
by  RADC  were  not  irradiated. 

Device  characteristics  that  will  change  with  irradiation  should  be  defined. 
Irradiated  devices  should  be  tested  and  compared  to  non-irradiated  devices.  Where 
characteristics  change  considerably,  100  percent  initial  screening  requirements 
should  not  be  mixed  with  post  Irradiation  device  performance  on  procurement  speci¬ 
fications.  Separate  tests  could  be  run  on  a  sampled  basis  on  units  that  have  been 
irradiated  to  verify  the  magnitude  and  direction  of  change. 

4. 1. 1.2  Normal  Low  Power 

(N)  low-power  device  input  logic  "0" thresholds  and  logic  "0"  output  voltages  are 
0. 1  volts  lower  than  they  are  for  standard  or  high  speed  devices. 

Mixing  normal  low-power  devices  and  standard  or  high-speed  circuits  has 
some  short  comings.  First  of  all,  the  logic  "0"  noise  margin  for  the  low-power  de¬ 
vice  Is  decreased  by  0. 1  volts  (the  opposite  is  true  for  the  high-speed  and  standard 

devices). 

.Scot -oily  with  standard  device  logic  "0"  input  voltages  0. 1  volts  higher.  Use  low- 
,  <>'. or  n-e  will  be  operating  on  one  of  the  negative  sloped  portions  .if  tin  scginentec 
< i  Aftsfer  characteristic  (+125°C  characteristic).  This  will  cause  low  -puw,a  logic  "l” 
output  voltages  to  be  lower.  This  in  turn  causes  logic  ”1"  noise  margins  to  decrease. 
Refer  to  Figure  4.5,  Part  B. 

An  interaction  was  observed  between  gate  inputs.  The  interaction  was  similar 
to  that  described  in  the  summary  for  RH  low-power  devices. 

The  dynamic  load  for  normal  low-power  devices  should  be  simplified.  See 
Figure  4. 12. 

(N)  low-power  device  propagation  delays  were  considerably  greater  than  the 
manufacturers  typical  numbers. 

Data  also  indicates  that  propagation  delay  limit  increases  of  approximately 
7ns  over  a  25  °C  limit  would  have  to  be  made  for  delay  measurements  at  the  tempera¬ 
ture  extremes. 

The  manufacturers  test  limits  are  realistic  with  respect  to  device  performance 
in  all  areas  except  propagation  delay. 

Propagation  delay  data  were  close  to  the  manufacturers  maximum  limits.  In 
some  cases  there  were  failures.  More  testing  should  be  done  with  other  lots  to 
determine  how  delays  vary  between  lots. 
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4.1.2  Standard  Devices  (Normal) 

Several  logic  "1"  level  failures  occurred  at  both  temperature  extremes.  'I lie 
failures  were  all  "marginal",  except  that  those  at  +  125°C  occurred  on  the  very  low 
impedance  portion  of  the  transfer  characteristic.  Slight  variations  in  threshold  here 
produce  very  large  changes  in  the  logic  "1"  level.  The  low  impedance  breaks  on  the 
transfer  characteristics  for  low  temperatures  are  at  high  thresholds  and  do  not  pro¬ 
duce  this  effect.  Therefore,  Vqh  measurements  at  +125 °C  are  important;  setting 
of  the  initial  conditions  of  the  Gate  Under  Test  (GUT)  input  thresholds  is  critical 
to  the  measurement. 

An  interaction  was  observed  between  gate  inputs.  The  interaction  was  similar 
to  that  described  in  the  summary  for  RH  low-power  devices. 

All  data  fell  within  MIL-M-38510/1  limits;  exceptions  noted.  Generally  the 
test  limits  were  neither  severe  nor  lenient.  The  maximum  limit  for  high-level  input 
current  (Im2)  reflects  circuit  breakdown  and  not  normal  leakage  current.  At  a 
glance,  the  limits  would  appear  to  be  too  high,  but  in  fact  are  not. 

The  MIL-M-38510/1  turn-off  delay  maximum  limit  (tpuj)  at  25  °C  is  shtL-  - 
factory.  The  limit  extension  for  the  temperature  extremes  ( A  of  2ns)  is  adequate , 
however,  data  shows  that  in  order  to  be  on  equal  terms  with  the  25 °C  limits,  the 
limit  increase  for  the  temperature  extremes  should  be  5  ns. 

4.1.3  Parameter  Trend  Summary 

The  following  figures.  Figures  4‘.  1  and  4.2  summarize  die  parameter  trends  of 
the  T2L  integrated  circuits  under  consideration. 

4.2  Input  Clamping  Characteristics  -  Summary 

Devices  which  do  not  specifically  have  input  clamping  diodes  as  a  design  fea¬ 
ture  may  still  exhibit  some  clamping  action. 

Basically,  two  lots  of  standard  Vendor  £  devices  were  tested.  One  lot  ,vas 
known  to  have  clamp  diodes  and  passed  V.I.C.  test  requirements  easily.  Another 
lot  procured  off  the  shelf  (7013A)  failed  on  all  but  one  input  tested.  The  average 
reading  for  this  lot  was  -8.04ma  at  -1.5  volts.  It  was  decided  that  this  second  lot 
did  not  have  clamping  diodes.  It  may  be  possible  for  standard  devices  without 
clamp  diodes  to  pass  V.I.C.  requirements;  if  a  lot  did  pass,  the  integrity  of  the 
clamp  characteristic  with  time,  temperature,  and  load  conditions  may  be  question¬ 
able.  Available  data  indicate  that  standard  devices  with  clamp  diodes  will  meet 
-12ma  at  less  than  -1.0  volts.  A  change  in  the  V.I.C.  test  voltage  from  1. 5  to  1. 3 
volts  would  further  discriminate  against  gates  without  clamp  diodes.  It  would  also 
tend  to  eliminate  gates  with  clamp  diodes  with  low  voltage  secondary  breaks. 
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Vendor  E  indicated  that,  eventually,  all  standard  T  L  devices  will  have  clamp 
diodes  with  the  exception  of  SN54/74-83.  Old  designs. will  be  recycled;  however,  the 
schematics  will  not  be  changed  to  illustrate  this. 

Vendor  E  also  indicated  that  all  radiation-hardened,  low-power  devices  have 
clamping  diodes.  The  suggested  test  limits  (-l.Oma  @  Vin  -  1.2V  to  -1.6V)  however 
do  not  appear  to  be  compatible  with  these  devices.  Secondary  high  impedance  diode 
breaks  were  observed  at  relatively  low  current  levels,  thus  precluding  those  devices 
from  meeting  the  above  criteria.  If,  in  fact,  all  low-power,  radiation-hardened  de¬ 
vices  have  clamp  diodes,  it  was  not  apparent  for  the  two  lots  tested.  A  more  in-depth 
investigation  would  be  required  at  this  point  in  order  to  establish  test  limits.  Test 
limits  established  for  standard  devices  definitely  cannot  be  applied. 

No  outstanding  differences  were  noted  between  the  two  lots  of  radiation  hardened 
low  power  devices. 

Some  of  the  newer  Vendor  E  normal  low-power  devices  may  have  clamping  diodes. 
As  a  rule  though,  the  normal  low-power  devices  will  not  have  clamping  diodes.  The 
old  k-signs  will  not  be  recycled. 

Since  the  normal  low-power  devices  tested  were  of  an  old  design,  they  should 
not  have  had  clamp  diodes.  The  clamp  characeristlcs  were  similar  to  those  for  the 
radiation-hardened,  low-power  devices.  One  noticable  difference  was  that  the  knee 
of  the  initial  break  was  softer  for  the  normal  devices.  Other  than  that,  no  other  diff¬ 
erences  were  noted. 

Secondary  breaks  in  input  clamping  characteristics  show  up  more  frequently  in 
devices  without  clamping  diodes  because  they  occur  at  low  voltages.  Secondary  breaks , 
in  devices  with  clamp  diodes,  occur  at  high  voltages  (-3.0V)  and  at  very  high  currents 
(-150ma)  and  are  beyond  the  scope  of  normal  consideration.  In  several  cases,  second¬ 
ary  breaks  could  not  be  observed,  even  at  several  hundred  ma  of  current. 

4.3  Reduced  Data  and  Comments 

The  following  data  is  representative  of  four  integrated  circuits  of  each  lot.  Each 
device  contains  four,  two-input  nand  gates.  The  test  loads  are  shown  in  Figure  4.3. 
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♦Including  scope  probe,  wiring,  and  strap  capacitai;  without  package  in  test  fixture 


Figure  4, 3.  Integrated  Circuit  Test  Loads 


MIL-M-38510/1  Test  Conditions  1-4 
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Comments 

l.)  All  VqH  measurements  were  run  with  0. 8  volts  for  the  maximum  logic  "0"  level. 
Normal  low-power  devices  specify  0. 7  volts  (radiation  hardened  low-power  de¬ 
vices  are  specified  at  O.Sv).  There  were  a  large  number  of  failures  for  the 
SN54 LOOT'S  at  +125  °C.  Referring  tothe  +125 °C  transfer  characteristic,  Figure 
4. 39  shows  that  the  gate  thresholds  are  a  worst  case  low  at  elevated  tempera¬ 
tures.  The  break  In  the  transfer  characteristic  which  defines  the  beginning  of 
a  low  output  impedance  region  occurs  at  approximately  3.0  volts.  Therefore, 
the  minimum  acceptable  Vqjj  of  2.4  volts  is  on  a  very  steep  vertical  slope  and 
a  small  change  in  input  threshold  for  a  border-line  case  would  cause  a  failure. 

A  review  of  the  raw  data  indicates  that  all  the  failures  documented  in  Figure  4.5, 
Part  B  for  SN54L00T's  would  never  have  occurred  with  an  input  voltage  of  0.7 
volts.  This  confirms  the  manufacturer's  claims  on  threshold  differences  between 
radiation-hardened  and  normal  low-power  devices. 

Note  that  for  the  standard  power  device  failures,  the  VqH  readings  were  except¬ 
ionally  low  (1.4  volts  -  see  raw  data)  at  +125  °C. 


2. )  The  tabularized  average  Vqh  readings  for  the  SN54L00T's  are  lower  than  they 
normally  would  be  because  an  input  voltage  of  0. 8  volts  was  used  instead  of  0. 7 
volts.  However  this  does  afford  a  good  comparison  between  normal  and  radia¬ 
tion-hardened  units. 


3.)  The  failures  that  occurred  at  -55°C  for  the  SN5400F  were  marginal  type  failures. 
This  is  borne  out  by  the  transfer  characteristics.  The  low  impedance  break  at 
-55  °C  occurs  at  a  Voh  °f  approximately  2.0  volts  and  an  input  voltage  of  1.40 
volts. 
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Reduced  Data* 


>’itput  short  circuit  current  for  low-power  devices  (normal  and  radiation- 
h.u  dened)  appears  to  peak  up  between  +25#C  and  +125®C.  This  is  an  indicator 
of  the  resistivity  change  of  the  output  collector  resistor  with  temperature  a  no 
also  of  the  type  of  silicon  doping  used  to  form  that  resistor.  The  manufacturer's 
schematic  shows  a  diode  and  a  saturated  collector-emitter  junction  in  series 
with  the  collector  resistor.  Calculations  show  that  changes  in  current  due  to 
changes  in  junction  voltage  with  temperature  will  cause  the  current  at  -55  °C  to 
decrease  approximately  0.5ma  and  to  increase  approximately  0.5ma  at  +125 °C. 
This  tends  to  mask  the  resistivity  changes  of  the  collector  resistor. 

The  data  does  not  show  any  justification  for  the  manufacturer’s  lowering  the 
l  >wer  limit  for  radiation-hardened  devices  from  -3ma  to  -lma.  Vendor  E  ex- 
pi  .lined  that  the  limits  reflect  user  application.  That  is,  after  exposure  to 
radiation,  the  output  short  circuit  current  can  be  expected  to  drop.  This  means 
Lli.it  the  logic  "1”  fanout  can  be  expected  to  decrease.  There  are  two  inconsist- 
'.sides:  1)  The  first  is  that  both  the  normal  and  radiation-hardened  device  ouc- 
inits  are  rated  at  Vqk’8  of  +2.4  volts  at  -llOpa  (a  fanout  of  10).  It  seems  appro¬ 
priate  that  a  change  in  fanout  is  due  for  one  of  the  two  devices.  Also,  the  range 
of  the  limits  appears  to  be  excessive,  e'en  when  considering  data  variation  with 
temperature  and  lot.  2)  The  second  inconsistency  is  that  100  percent  screening 
should  be  done  to  the  pre-radiation  limits  which  arc  tighter.  There  should  also 
be  user  design  limits  which  reflect  post  radiation  circuit  changes. 

The  resistivity  of  the  collector  resistor  for  intermediate  power  devices  appears 
to  increase  at  +125 °C.  A  bottoming  out  may  occur  between  -55°C  and  +125 ®C. 
Hus  resistivity  characteristic  is  different  from  the  low-power  characteristic 

i 

-v t .  >ow  and  intermediate  power  devices  met  their  respective  requirements, 
■-endings  varied  between  mid  range  and  the  low  end  of  the  specified  limits. 

There  were  no  major  differences  between  the  two  lots  of  low-power,  radiation - 
!v;  •l',ned  devices  or  between  these  devices  and  the  normal  low-power  devices 
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Imi  -  High  Level  Input  Current 


Device  Tested  and 
Lot  Identification 

Test 

Limit 
-55 °C  to 
+125°C 

Reduced  Data 

+25  °C 

+125°C 

RSN54L00 

(7026) 

lOpa 

max 

2.84pa 

3.98pa 

RSN54L00 

(7051) 

lOpa 

max 

2. 59pa 

4. 37pa 

SN54L00T 

(7033A) 

lOpa 

max 

.  25pa 

.49pa 

SN5400F 

(7013A) 

40pa 

max 

2. 74pa 

5. 99pa 

Figure  4.7.  Ijjjj  -  High  Level  Input  Current 
MIL-M-385 10/ 1  Test  Conditions  17-24 


Comments 


1 .  )  The  raw  data  taken  at  -55  °C  was  not  reduced.  It  was  felt  that  the  range  of  the 

readings  (low  versus  high)  and  inconsistency  was  too  great  for  the  readings  to 
have  any  credibility.  Problems  were  encountered  with  water  condensation  on 
the  inside  of  the  test  chamber.  The  moisture  adversely  affected  current 
readings. 

A  data  trend  was  established:  The  trend  being  that  the  maximum  input,  leakage 
current  occurs  at  elevated  temperatures.  To  further  back  up  the  data  trend, 
leakage  current  readings  were  taken  at  0°C  with  input  voltages  of  5.5  volts. 
Water  condensation  was  not  a  problem  at  0°C. 

2. )  The  leakage  current  levels  for  the  low-power,  radiation-hardened  deviees  w*»re 

similar  to  those  for  the  standard  devices  and  approximately  an  order  of  muput 
tude  higher  than  the  normal  low  power  devices.  Although  III  I,  low-power  data 
were  similar  to  the  standard  device  data,  the  manufacturer's  maximum  limits 
for  the  two  are  different:  (lOpa  versus  40pa).  lOpa  is  also  the  maximum  limit 
for  normal  low  power  devices.  It  was  explained  by  Vendor  E  that  the  4  Op  a  limit 
reflects  process  variables.  The  lOpa  limit  can  be  held  bv  the  RH  device  -  be¬ 
cause  it  is  more  of  a  geometric  variable  which  is  more  controllable  than  a  prt 
cess  variable.  The  reason  why  the  leakage  is  actually  higher  for  RH  devices 
is  because  the  inverse  gain  of  the  input  transistor  was  made  higher  to  increase 
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the  threshold  of  the  device  from  0. 7v,  for  normal  low  power,  to  0. 8v.  This 
was  done  per  Air  Force  request.  The  inverse  currents  become  greater  with 
high  inverse  gains. 


3.)  No  outstanding  differences  were  noted  between  the  two  lots  of  RH  devices. 


**.■  _%* 


4,3.5 


j; H2  -  High  I, eve1  Input  Current 


i 

|  Device  Tested  and 

Test 

Limit 

Reduced  Data 

Lot  Identification 

-55°C  to 
+125°C 

0°C* 

Retake 

+25  °C 
Retake 

+25  °C 
Original 

t?5sC 

RSN54L00 

(7026) 

10  Op  a 
max 

2.5fyta 

3.36jpa 

4.59pa 

6.  87pa 

RSN54L00 

(7051) 

100/ta 

max 

2. 80pa 

3.57pa 

3. 84pa 

7.07pa 

SN54LOOT 

(7033A) 

lOOpa 

max 

.  16*ta 

.  22pa 

.  34pa 

.  69p  a 

| 

SN5400F 

<7(>13A) 

lma 

max 

4.42pa 

5.5^ta 

5.4tyia 

10.13/m  | 

t 

SN54H20S 
(7119A  & 
7105A) 

lma 

max 

— 

4.59pa** 

l 

9.  Oopn '  '  : 

t 

'This  data  is  an  average  taken  on  two  samples  in  order  to  supply  a  third  data  point 
(at  crc).  it  is  intended  to  show  that  maximum  current  readings  will  occur  at  elevated 

temperatures.  Moisture  problems  were  encountered  in  the  test  chamber  at  tempera¬ 
tures  below  0°C. 

**See  comment  #4. 

Figure  4.8,  Jj^  -  High  Level  Input  Current 
MlL-M-38510/l  Test  Conditions  25-32 

Comments 

1  h«>  leakage  current  levels  for  the  low-power,  radiation-hardened  devices  »  - 
similar  to  those  for  the  standard  devices  and  approximately  an  order  of  nrui 
higher  than  the  normal  low -power  devices. 

'•*  ’  •‘i°  outstanding  differences  were  noted  between  the  two  lots  of  radiatm- 

devices. 

1  Sorne  of  the  input  pairs  for  the  low-power  and  standard  devices  ,ail  hv- 
put  nands)  reacted  strangely.  The  data  for  one  gate  input  pair  for  sample  •>*: . 
lot  7020  (RSN54L00) ,  has  been  retabulatod  below. 
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♦♦’Note  -  test  conditions  21  and  22  (IIH  1)  correspond  to  test  conditions  29  and  30  for 
test  IIH  2. 

At  elevated  temperature  the  current  in  one  input  of  an  input  pair  decreases  from 
what  it  was  at  a  lower  temperature  and  the  current  in  the  other  gate  input  in¬ 
creases  by  an  order  of  magnitude.  Further  tests  were  run  in  order  to  deter¬ 
mine  the  mechanics  of  the  problem.  The  following  tabulation  outlines  these  tests. 


Test 

Cond. 

IlH2  (Temp  = 

+125 °C) 

Vcc  =  4.Sv 

Vcc  *  0v 

29 

2. 1/xa 

3.  tyia 

5.5v  ~{Aj - 

r~ — 

\ 

(.rr  b 

” 

30 

51.0/ia 

51.0/xa 

r— l_j 

r_iVcc 

gut\> 

29 

6.2pa 

0.8/za 

ebb 

^vcc 

30 

26.5pa 

51.0^a 

5.5vi 

gutV 

bbSUB 

In  order  to  sustain  transistor  action  on  input  diodes,  power  must  be  applied  to 
the  integrated  circuit.  Also  transistor  action  is  bi-directional  for  a  given  gate 
input  pair.  The  preceding  data  tabulation  shows  that  transistor  action  is  not 
occurring.  When  this  problem  was  explained  to  Vendor  E  engineers,  they  ran 
similar  tests  and  concurred  with  the  results.  They  explained  that  there  is 
definitely  an  interaction  between  inputs,  although  it  is  not  transistor  action. 
This  interaction  will  not  be  seen  on  all  gates,  because  the  geometry  difference 
each  emitter  inputs  to  its  respective  collector  is  slightly  different,  hence  the 
inverse  gain  is  different.  Although  specification  limits  were  met  by  maverick 
gates,  data  for  "normal"  gates  were  far  below  the  specification  limits.  There¬ 
fore,  in  order  to  prevent  skewing  of  "normal"  gate  data,  they  were  excluded 
from  the  data  breakdown. 
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Data  were  normally  far  below  specification  limits.  When  leakage  current 
readings  are  made  with  high  input  voltages  (Iih2)  »  input  gate  breakdown  may 
occur.  These  limits  therefore  reflect  current  levels  incurred  during  input 
breakdown. 

4. )  Because  transistor  action  was  not  found  on  two  input  gates,  it  was  decided  that 

some  four  input  gates  would  be  tested  (SN54H20S).  These  gates  did  not  exhibit 
transistor  action  nor  were  there  any  "maverick"  gates.  This  data  was  broken 
down  and  tabulated  for  comparison. 

5. )  Measurements  made  for  test  requirements  Ijhi  showed  similar  "maverick" 

gate  problems;  however,  the  results  were  more  dramatic  for  Ijh2* 
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4.3.6  lit,  -  Low  Level  Input  Current 
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4.  7  j ;_C  1 1  -  tiluh  Level  Supply  Current  Drain 


Device  Tested  and 
Lot  Identification 

Test 

Limits 
-55  °C  to 
+125°C 

Temperature 

-55  ®C 

+25  °C 

+125°C 

RSN54L00 

(7026) 

0.8ma 

max 

.  540ma 

.  455ma 

.494ma 

RSN54L00 

(7051) 

0.8ma 

max 

.  542ma 

.496ma 

.  534ma 

SN54L00T 

(7033A) 

0.8ma 

max 

.495ma 

.478ma 

.  495ma 

SN5400F 

(7013A) 

8ma 

max 

5.08ma 

5.26ma 

5.  lima  ] 

i 

_ 1 

Figure  4. 10.  IcCH  ~  High  Level  Supply  Current  Drain 


MIL-M-3 85 10/ 1  Test  Condition  41 

•  'omments 

• .)  Power  supply  current  measurements  (high  and  low  level)  were  all  w«.l  wuhm 
limits.  Readings  for  the  low-power,  radiation-hardened  devices  were  a  maxi¬ 
mum  at  the  temperature  extremes  while  the  current  peaked  up  at  room  tempera 
ture  for  the  normal  standard  devices.  The  normal  low-pcwer  devices  did  not 
have  a  definable  trend. 

•1,3.8  Jem.  -  Low  Level  Supply  Current  Drain 


Device  Tested  and 
Lot  Identification 

Test 

Limit 
-55 #C  to 
+125°C 

Temperature 

-55  °C 

— 

+25  °C 

•»  125eC 

RSN54L00 

(7026) 

2.04ma 

max 

1.26ma 

.  986ma 

1. 30ma 

RSN54L00 

(7051) 

2.04ma 

max 

1.28ma 

l.Olma 

1.43ma 

SN54L00T 

(7033A) 

2.04ma 

max 

1. 32ma 

l,28ma 

1.20ma 

SN5400F 

(7013A) 

27ma 

max 

15. 9ma 

16. 3ma 

15,4ma 

Figure  4. 11.  ICCL  -  Low  Level  Supply  Current  Drain 
MIL-M-38510/l  Test  Condition  42 
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Comments 


.  -zzzaEE&PEZ  * '' 


r  Vv  y  .T",  "TVi^fv  4f,  -■, 


t  i 


3.) 


■;rssfiSW>T3K?,«‘ ~  ‘ 


The  loads  specified  in  the  manufacturer's  catalog  for  normal  low-power  and 
radiation-hardened,  low-power  devices  are  different  for  the  propagation  delay 
measurements.  For  comparison  purposes  the  load  specified  for  the  normal 
low-power  devices  was  used  for  both  types.  The  radiation-hardened  device 
load  did  not  have  the  30pf  capacitor  shown  in  the  Test  Load  Figure  4. 1.  A  com¬ 
parison  of  the  two  loads  was  made.  The  30pf  capacitor  on  the  average  adds 
0. 3ns  to  tpjjL  measurements  and  2,75ns  to  tpm  measurements.  This  data  is 
tabulated  in  the  section  for  RSN54L00  (7026).  See  the  Appendix. 

Vendor  E  indicated  that  the  addition  of  the  30pf  capacitor  helps  to  best  simulate 
the  input  capacitive  loading  of  normal  low-power  devices,  but  that  they  could 
not  see  why  the  loads  should  be  different.  The  electrical  difference  noted 
between  these  loads,  however,  does  not  appear  to  be  substantial  enough  to 
warrant  specifying  different  loads  for  normal  and  radiation-hardened  devices. 

The  30pf  capacitor  could  be  deleted  from  the  normal  low  power  load. 

Wherever  the  manufacturer  has  not  supplied  test  limits,  an  X  has  been  entered 
in  the  figure. 

For  the  standard  devices,  the  delays  were  measured  from  the  1.5  volt  level  on 
the  input  waveforms  to  the  1.5  volt  level  on  the  output  waveform  as  per  the 
specification  requirements.  The  delays  for  the  low-power  devices  were  meas¬ 
ured  from  the  1. 3  volt  levels  on  the  input  waveform  to  the  1. 3  volt  level  on  the 
output  waveform.  The  input  waveforms  were  the  same  for  all  devices;  they 
were  adjusted  per  MIL-M-38510/l. 

The  standard  devices  were  comfortably  within  specification  requirements.  The 
increase  in  the  turn  on  delays  ac  -55  °C  from  the  +25  °C  delay  (+3. 6ns)  was 
similar  to  the  maximum  limit  extension  of  4ns  specified  in  MIL-M-38510/1. 

The  recorded  data  match  very  closely  the  manufacturer's  typical  numbers. 

The  temperature  dependency  of  these  devices  was  also  verified. 

Curves  in  the  manufacturer's  catalog  showing  the  temperature  dependency  of 
this  measurement  were  not  verified  for  (N)  low-power  devices.  That  is,  the 
turn-on  delay  (tpHL)  Is  a  minimum  at  25  °C  and  increases  at  the  temperature 
extremes.  Instead  the  minimum  occurred  at  +125 °C  and  the  maximum  at  -55 °C. 
The  averaged  data  in  Figure  4, 12  also  shows  much  higher  "typical"  numbers  for 
normal  devices;  no  typical  numbers  were  given  for  RH  devices.  Also,  the 
change  in  delay  with  temperature  was  observed  to  be  much  greater  than  that 
claimed  by  the  manufacturer. 

The  delays  for  the  radiation -hardened,  low-power  devices  at  -55  "C  were  signifi¬ 
cantly  longer  than  those  for  the  normal  low-power  devices.  Vendor  E  indicated 
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that  the  delays  should  be  similar.  They  were  in  fact  similar  at  +25  °C  and  at 
+125°C,  however  the  data  diverged  at  the  low  temperature  extreme.  Vendor  E 
does  not  specify  propagation  delays  at  the  temperature  extremes,  nor  do  they 
provide  temperature  dependency  curves  for  the  RH  low  power  devices. 


m 
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Figure  4.13.  -  Propagation  Delay  Time,  Low  to  High  Level  Output 

MIL- M-385 10/1  Test  Conditions  53-58.  63-66 
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Comments 


1. )  Wherever  the  manufacturer  has  not  supplied  test  limits,  an  X  ha  .  been  entered 

in  the  figure. 

2. )  Curves  in  the  manufacturer’s  catalog  showing  the  temperature  dependency  of 

this  measurement  were  satisfactorily  verified  for  normal  low-power  devices. 

That  is,  the  turn-on  delay  is  a  minimum  at  approximately  -*25°C  and  increases 
at  the  temperature  extremes.  These  curves  were  also  approximated  by  the  RH 
devices.  The  manufacturer  does  not  supply  curves  for  the  RH  low-power  devices. 

3. )  The  25°C  readings  were  similar  to  the  typical  advertised  numbers.  No  typical 

numbers  are  given  for  the  RH,  low-power  devices.  The  delays  for  the  RIl  tie- 
vices  were  significantly  longer  than  for  the  normal  devices  at  -55 "C;  this  was 
also  true  for  turn  on  delay  (tpjjL)* 

4. )  The  data  for  the  standard  devices  varied  considerably  more  with  temperature 

than  shown  in  the  manufacturer's  curves. 

The  maximum  (tpm)  specification  limit  was  increased  by  2ns  for  -55  "C  and 
+  125°C  delays  from  the  25 °C  limit  for  standard  devices  in  M1I..-M-38510/1. 

The  difference  between  the  25°C  data  and  the  +125°C  data  in  Figure  4.13  was 
4.5r«s.  This  verifies  that  the  M1L-M~38510/1  limits  should  increase  for  tempera¬ 
ture  testing.  The  amount  of  the  increase  is  questionable. 
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4.4  Input  Clamping  Characteristics 
4.4.1  Introduction 


The  Static  Electrical  test,  Voltage  Input  Clamping  (V.I.C. ,  as  outlined  in  pro¬ 
curement  specifications  MIL-M-38510/1,2,3,  attempts  to  screen  for  a  short  gate 
input  clamping  diode  characteristic  by  making  one  current  and  voltage  measurement. 
Heretofore,  clamping  diodes  were  generally  design  features  of  high-speed  devices; 
however,  some  low-power  and  standard  devices  are  now  being  manufactured  with 
similar  input  characteristics. 

Devices  from  three  different  manufacturers  (Figure  4. 14)  were  checked  for 
input  clamping  diode  action. 

Enclosed  are  some  pictures,,  with  supporting  data,  which  illustrate  several 
different  types  of  clamping  characteristics. 

4.4.2  Results  ‘ 


All  low-power  integrated  circuits  tested  did  not  exhibit  "simple"  input  diode 
clamping  characteristics,  nor  did  they  meet  the  V.I.C.  test  criteria  of  -12ma  at  Vjn 
-  1.5  volts.  Some  intermediate  power  devices  met  the  V.I.C.  test  requirements; 
whereas  all  high-power  samples  met  them. 

The  low-pov.-  r  devices  had  three  modes  of  failure: 

•  No  diode  characteristic  -  high  impedance  curve  (Figure  4.25) 

•  A  diode  characteristic  breaking  initially  at  approximately  0. 7  volts 
followed  by  a  low  impedance  region  and  then  a  secondary  break  followed 
by  a  high  impedance  region  (Figures  4.23,  4.24,  4.25  and  4.26). 

•  A  diode  characteristic  breaking  initially  at  approximately  0. 7  volts 
followed  by  a  comparatively  high  Impedance  region.  Secondary  breaks 
were  found  at  voltages  less  than  -1.5  volts. 

The  double  breaking  input  characteristic  curve  is  not  representative  of  simple 
diode  action.  Although  the  initial  break  is  representative  of  a  P-N  junction,  it  is 
compounded  by  an  additional  break  through  some  internal  path  which  may  l>e  dependent 
upon  the  internal  geometry  of  the  device.  In  a  review  of  the  data,  no  correlation  was 
apparent  between  any  of  the  three  types  of  input  characteristics  and  their  repeating  at 
the  same  gate  input  pins.  Several  of  the  low-power  samples  were  further  tested  to 
determine  what  input  voltages  were  required  in  order  to  draw  -12ma  of  current.  It 
was  found  that  input  voltages  of  -2,5  to  -7. 1  volts  were  required. 

Standard  Vendor  E  devices  (two-input  nand  gates)  procured  for  evaluation  pur¬ 
poses  (date  coded  7013A  -  see  Figure  4. 14)  had  input  characteristics  similar  to  the 
third  characteristic  described  above.  The  secondary  breakthrough  occurred  at  highc»* 
currents  than  it.  did  for  the  low-power  devices  (see  Figure  4,28),  One  input  of  all 
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ihoso  sampled  met  the  V.I.C.  requirements.  Several  of  these  samples  were  air-' 
evaluated  to  determine  what  input  voltages  were  required  in  order  to  draw  -12ma  o> 
i  f”.'i  current.  In  this  case,  -1.76  volts  to  -2.0  volts  was  required  (see  Figure  4.  i'V 
c. up  \’endor  E  sample  (Figure  4.30  -  dual  J-K  flip  flop  -  date  code  7025A)  is  illus¬ 
trated  in  Vendor  E'o  1969-1970  catalog  as  not  having  input  clamping  diodes;  how  eve ,  . 
it  did  meet  the  V.I.C.  specification  requirements  and  did  exhibit  a  simple  diode  char¬ 
acteristic  up  to  currents  of  -lOOma  on  all  inputs,  including  the  clock  inputs.  No 
secondary  break  was  observed.  The  knee  of  the  curve  however  was  noticeably  not  as 
sharp  as  it  was  on  the  Vendor  G  and  Vendor  H  high-power  devices  (Figures  4.31  and 
4.32). 

The  curves  shown  in  Figures  4.31  and  4,32  are  good  examples  of  low-impedance 
.<-*-■  'haracteristics.  The  knees  of  the  curves  are  very  sharp,  and  all  curves  rear*' 

■■  m  •  it  approximately  0.9  volts.  The  Vendor  E  J-K  flip  flop  (Figure  4. 30)  met  tlv. 
i.  f  .  criteria  at  a  higher  input  voltage  of  -1. 2  volts,,  Note  that  the  current  offset 
\oIts  input  voltage  is  primarily  a  function  of  the  device  low  level  (logic  "0")  irjm* 

.  ren«  and  is  dependent  upon  the  power  supply  voltage  of  the  device. 

in  conversations  with  Vendor  E  representatives,  concerning  input  clamping 
■  uofifs,  the  following  details  were  discussed: 

2 

- .  Standard  digital  T  L  devices 

All  standard  devices  with  the  exception  of  the  SN54/74  -  80,  82,  91,  94  and  96 
".ill  have  input  clamping  diodes.  All  new  devices  will  have  clamping  diodes;  sche¬ 
matics  will  reflect  this.  Old  designs  will  have  clamping  diodes  put  in.  The  SN54/74  - 
•*:»  will  be  the  last  of  the  recycled  designs  and  will  be  completed  by  the  fourth  quarter 
his  «-ear  (1971).  Because  recycling  old  schematics  is  an  "unnecessary"  cost,  t’v  - 
» :i:  not  be  recycled  for  the  sake  of  illustrating  clamping  diodes. 


■ormal  low-power  devices 

Ni  ”  devices  will  probably  have  clamping  diodes.  Old  designs  and  schemT'-'s 
..  <  «.t.  be  recycled. 

Uudiatlon-hardened,  low-power  devices 

il  radiation-hardened,  low-power  devices  have  clamping  diodes.  There  will 
■  ■  •”lv  one  clamp  diode  per  gate,  independent  of  the  number  of  gate  Inputs.  The  di*^, 
•  located  between  the  collector  of  the  multi-emitter  input  transistor  and  grouvb 
;  a.  br^vtrieally  isolated  inputs  on  the  radiation-hardened  devices  makes  placemen* 
f  '’■>*  lamp  diodes  in  the  conventional  location  (from  each  input  to  ground)  impraoii^ 

Vest  criteria  for  the  verification  of  clamp  diodes  was  discussed.  The  voltage 
chock  point  would  probably  be  -1. 2  to  -1,6  volts.  The  current  should  be  signifioaod  .* 
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greater  than  Ijl*  (0.18ma  max).  Minus  one  milliamp  was  suggested  by  Vendor  E  for 
V.  I.C.  Figure  4.24  shows  that  a  secondary  break  in  the  clamping  characteristic 
occurs  at  approximately  300pa.  With  secondary  breaks  occurring  at  such  low  currents, 
-lma  is  not  a  realistic  checkpoint;  however,  300pa  does  not  sufficiently  define  the 
diode  clamp.  Vendor  E  indicated  that  a  secondary  break  in  the  clamp  characteristic 
can  be  expected  and  that  for  low-power  devices  it  will  occur  at  a  lower  voltage  than 
for  the  standard  devices. 

Figure  4. 15  and  4. 16  are  summaries  of  the  test  data.  The  raw  data  is  pictured 
in  Figures  4. 17  through  4.21. 


Average 

Reading 

Minimum 

Reading 

Maximum 

Reading 

No.  of  Data 

Samples  Averaged 

E=-1.5v 

E=-l.  5v 

E=-1.5v 

RSN54L00 

(7026) 

-4.67ma 

-3. 50  ma 

-5.40ma 

l 

71  1 

1 

RSN54L00 

(7051) 

-4.35ma 

-1.  lma 

-5. 8ma 

97 

SN54L00T 

(7033A) 

"3*  35ma 

-0. 88ma 

-5.7ma 

60 

SN5400F 

(7013A) 

-8.04ma 

-4. 80ma 

-12.0ma 

72 

SN5400J1 

(7H9A) 

— 

— 

— 

— 

i  i 


\See  Figure  4.21  this  section 


Figure  4. 15.  Data  Breakriown-V.I.C.  Input  Current 
with  Input  Voltage  Set  at  -1,5  volts 


1  \ 


*Note  that  for  standard  devices  the  difference  between  IIL  and  the  V.I.C.  current 
check  point  is  approximately  1  to  10  (1.  fima  vs.  12ma). 
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Average 

Reading 

I=-12ma 


Minimum 

Reading 

I=-12ma 


Maximum 

Reading 

I=-12ma 


No.  of  Data 
Samples  Averaged 


RSN54L00 

(7027) 

-4.02v 

-3. 64v 

-5.01v 

8 

RSN54L00 

(7051) 

-3.56V 

-2.47V 

-4.87v 

16 

SN54L00T 

(7033A) 

-4.05v 

-1.99v 

-7. llv 

8 

SN5400F 

(7013A) 

-1.86v 

-1. 76v 

-2.0v 

8 

SN5400J 

(7119A) 

-. 874v 

-. 828v 

-. 959v 

8 

‘Readings  which  deviated  erratically  from  the  norm  were  excluded  from  the  data 
breakdown. 


Figure  4, 16.  Data  Breakdown  -  V.I.C.  Input  Voltage 
with  Input  Current  Set  at  -12.0ma 


For  definition  of  asterisk  (*)  Virure  a. 20 


rH  f-UMTvf-OOO  O 

ONodddC'Ofi 

rl  fH  rl  H  rH  r—* 
I  I  I  I  I  I  t  I 


1i  H  Jj  ^  1!  1?  Vi 

O  O  Si  CM  r-l  O  •  CM  CM 

cocooocooo  c —  t-  - 

I  I  I  I  I  I  I  I 


CO  0\  0\C0  CO  CO  CO  CO 

I  I  1  I  I  I  I  I 


ttttt 

OrHONONt^lACNjOJ 

\Q  vO  ir\  if\v0  lTnvO  vD 

l  l  I  I  I  I  I  l 


S  lui 


<C  <  <  Hi  Si  '£ 
2  ^  6  6  E  li  6 
Onh  it  4 

W*  't>  1-  4-  V  •  u  %  *•  » 

I  I  I  I  I  I  I  I 


cn-3  cnjco  ^.CC  ^ 

•  «•••••• 

OfH-tfC-^OO© 

hohnonhoo 

rl  H  H  H  rl  rl 

I  I  I  I  I  I  I  I 

fcl  H  H  G  if  *f 

O'  H  H  U  O  f*  P*J 
o*>  O  O  O  O  0\  O'  0\ 

rH  rH  rH  r-H 

I  I  I  I  I  I  I  I 


COV0V0VOOO 
•  ••••••• 

IA  VO  VO  i/nvO 

I  I  I  I  I  I  I  I 


>>^>>>>> 

CQ  LAS-0  CO  O  tA  O  W 

coco  ^  c-coco  o  os 

HHHHHHOJH 
I  I  I  I  I  I  I  I 


CO  .4  lAvO  b-00  Os  o 
4^r4J444  ITS 


oooooooo 

«•••«••• 

MMKHHHMM 


do. 

r 

X,  '  *>  Jr; 

- 

1  ' 

<9  ■  '  * 

.  r  ■  • 

•  s  . 

> 

*■  < 

-  *  ’  y 

• 

c  ■  J 

/  Cl  ■ 

s'  f  V 

A 

B 

Figure  4.22  Photo  1 
Vendor  E  5400  radiation- 
hardened,  low-power  inte¬ 
grated  circuit  -  although  it  is 
not  shown  in  the  picture,  this 
sample  failed  the  clamping 
specification  of  -12ma  @  Vin 
<  -1. 5v  for  standard  devices. 

Not  shown  on  curve  B  is  a 
secondary  break  similar  to  that 
on  curve  2B.  The  break  occurred 
at  -12ma  and  -2. 7  volts. 

All  radiation-hardened,  low- 
power  devices  are  manufactured 
with  clamp  diodes.  Test  criteria 
should  be  different  from  standard 
device  teat  limits. 


Figure  4.23  Photo  2 

Vendor  E  5400  radiation-hardened, 
low-power  integrated  circuit  - 
This  characteristic  exhibits  two 
distinct  breaks  followed  by  a  low 
and  then  a  high  impedance  region. 


Figure  4.24  Photo  3 

Vendor  E  5400  radiation-hardened, 
low-power  integrated  circuit  - 
The  secondary  break  for  this  clamp 
characteristic  occurs  at  a  low 
current  level,  approximately  - 
30 Op  a.  Because  the  secondary 
breaks  seem  to  occur  at  low  current 
levels  for  the  RH,  low-power  devices, 
not  much  latitude  is  left  for  specifying 
reasonable  test  limits. 
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Figure  4.25  Photo  4 
Vendor  E  5400  low-power  Inte¬ 
grated  circuit  -  Three  different 
input  characteristics,  all  of 
which  were  exhibited  on  one 
integrated  circuit.  Character¬ 
istic  waveform  (A)  was  not 
typical.  It  occurred  approxi¬ 
mately  nine  times  out  of  352 
inputs  tested. 

Not  shown  on  curve  "C"  was  a 
secondary  break  similar  to  that 
on  waveform  B,  The  break 
occurred  at  -5ma  and  -1.7  volts. 
Refer  to  Figure  4.17,  test  no.  43, 
(for  this  sample)  for  backup  data 
for  waveform  "A". 

Figure  4. 20  Photo  5 

Vendor  E  5400  low-level  inte¬ 
grated  circuit. 

Normal  low-power  devices,  as  a 
rule,  will  not  have  clamp  diodes. 
These  curves  are  not  much  diff¬ 
erent  from  the  RH  low-power 
characteristics  (which  have  clamp 
diodes).  Also  low-power  devices 
should  not  be  expected  to  meet 
clamp  test  criteria  established  for 
standard  devices. 
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Figure  4. 27  Photo  6 

Vendor  E  5400  standard  integrated 
circuit.  The  characteristic  shown 
was  typical  for  standard  device 
gates.  The  characteristic  has  a 
soft  break  followed  by  a  relatively 
high  impedance  region.  Some  of 
these  gate  inputs  nearly  met  the 
V.I.C.  test  criteria. 


Figure  4.28  Photo  7 

Vendor  E  5400  standard  inte¬ 
grated  circuit.  This  lot  of 
devices  did  not  meet  test 
criteria  -  Note  the  secondary 
break. 
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Figure  4.29  Photo  8 

Vendor  B  Diode  -  transistor 
900  series  integrated  circuit. 

This  picture  affords  a  compari 
son  for  T2!.  circuitry.  Note 
that  the  characteristic  breaks 
at  approximately  -1.2  volts. 
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Figure  4.30  Photo  9 

Vendor  E  7400  series  standard 
integrated  circuits. 

Waveform  A  -  low  forward 
impedance  characteristic 
(All  inputs  including 
clockc  -  no  sec.  breaks) 
Waveform  B  -  high  forward 
impedance  characteristic 


Figure  4.31  Photo  10 

Vendor  G  and  Vendor  H  7400 
series  high  power  integrated 
circuits. 

Secondary  breaks  were  not  found 
in  these  samples,  even  at  several 
hundred  ma  of  current. 


Figure  4.32  Photo  11 

Vendor  H  7400  series  standard 
integrated  circuit. 

This  device  probably  has  clamp 


Figure  4.33  Photo  12 

Vendor  E  5400  high  speed  Inte¬ 
grated  circuits. 

These  devices  are  illustrated 
and  sold  as  having  clamp  diodes. 
The  test  criteria  established  in 
MIL-M-38510/l  for  clamp 
diodes  for  standard  devices  is 
easily  met. 


Figure  4. 34  Photo  13 

Vendor  E  5400  high-speed  inte¬ 
grated  circuits. 


Figure  4. 35  Photo  14 

Vendor  E  standard  5400  i mi¬ 
grated  circuits.  These  units 
were  sent  as  samples  having 
input  clamp  diodes. 

These  curves  and  further  test, 
results  verify  this  (see  Figures 
4. 15  and  4. 10  this  section). 
Refer  to  pictures  #15  and  *1‘». 


a 
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Figure  4. 36  Photo  15 

Vendor  E  standard  5400  inte¬ 
grated  circuits. 

These  units  were  sent  as 
samples  having  input  clamp 
diodes. 


Figure  4. 37  Photo  16 

Vendor  E  standard  5400  inte¬ 
grated  circuit.  This  unit  was 
sent  as  a  sample,  having  input 
clamp  diodes.  Note  that  it 
passes  V.I.C.  test  criteria 
(-12ma  at  V|n  -l.5v)  and  has 
no  secondary  break  at  a 
current  of  -350  ma  and  a 
voltage  of -3.5  volts.  Test 
results  verify  the  clamp  diode 
(see  Figures  *1. 15  and  4. 16 
this  section). 


4. 5  Transfer  Characteristics 


The  following  curves  display  typical  transfer  characteristics  of  low-power, 
standard,  and  high-speed  Vendor  E  T^L  general-purpose  nand  gates.  Each  picture 
is  a  triple  exposure  illustrating  a  gate's  performance  at  each  of  the  following  tem¬ 
peratures:  -55°C,  +25°C,  and +125°C. 


General  characteristics  of  each  device  class  may  be  compared;  however,  if 
data  is  extracted  from  the  curves,  it  must  be  done  judiciously  because  of  oscilloscope 
inaccv  acles. 


In  particular,  some  differences  were  noted  in  gate  thresholds.  The  high-speed 
devices  had  the  highest  thresholds,  while  the  standard  and  radiation-hardened,  low- 
power  devices  were  lower.  The  normal  low-power  devices  had  the  lowest  thresholds. 
Vendor  E's  Integrated  Circuits  Catalog  for  Design  Engineers  (1971  edition)  shows  the 
following: 


Normal 

Low  Power 
Devices 

Radiation- 

Hardened, 

Low-Power 

Devices 

Normal 

Standard 

Devices 

Normal 

High-Speed 

Devices 

Max  low  level 
Output  Voltage 

(V0L) 

0. 3v 

0.3v 

0.4v 

0.4v 

Max  low  level 
Input  Voltage 

(VlL> 

0. 7v 

0.8v 

0. 8v 

0.8v 

The  data  breakdown  of  Vql  measurements  (Figure  4.14)  did  show  that  the  low 
power  devices  had  Vql'8  1  volts  lower  than  the  standard  devices  (Vql  data  for 
high  speed  devices  was  not  taken).  Figure  4. 14  data  and  the  following  transfer 
characteristics  tend  to  backup  the  manufacturer’s  claims  on  thresholds  and  Vqj, 
voltages.  One  result  of  all  this  is  that  the  low-level  noise  margin  is  0. 1  volts 
greater  for  the  low-power,  radiation-hardened  devices. 

The  logic  ”1"  noise  margin  suffers  as  a  result  of  the  shape  of  the  transfer 
characteristics  for  all  devices.  At  an  input  voltage  of  approximately  0.3  volts,  the 
output  voltage  starts  dropping.  The  resulting  minimum  Voh  18  a  specified  low  of 
2,4  volts.  This  allows  only  0,4  volts  of  noise  margin  since  the  guaranteed  minimum 
logic  "1"  voltage  is  2.0  volts. 


Vendor  Survey 


4.6 

2 

Four  vendor’s  lines  of  standard  T  L  nand  gates  were  compared.  Standard  mm  ■ 
were  compared  for  similarity  of  test  and  specification  and  ultimately  for  com 
patio i'  it;.*.  The  vendors  were: 

1.  Vendor  E 

2.  Vendor  D 

3.  Vendor  C 

4.  ,  Vendor  F 

Since  the  compared  gates  are  representative  of  product  line  families,  the  ti.. 

pari^on  should  still  be  valid  for  other  devices  in  those  families. 


Vendor  D  stresses  low  temperature  range  devices.  Therefore,  many  of  Mini* 
pr/vhiots  are  specified  with  min/max  power  supply  voltages  of  ±5  percent  o’«*r  a  r  - 
to  70 °C  temperature  range.  The  same  test  limits,  however,  apply  to  full  tempers- 
i.  e  range  units  (-55°C  to  +125’C)  with  ±10  percent  power  supply  tolerances. 

AV  of  the  above  vendors  tested  all  specified  parameters  identically  and  to  tb* 
same  limits,  except  for  power  supply  current  drain  and  propagation  delay. 

Shown  below  in  tabular  form  are  the  Individual  vendor  specifications  for  power 
supply  current  drain.  The  test  configurations  are  the  same. 


j  Vendor  £ 


Logic  (0)  (ICCI) 
Logic  (1)  (Icch) 


Vendor  C 


Vendor  F 


Vendoi  1.' 


!  -55°C  to  +125°C 


i  VCC  =  5.5V 


1  <">/•  f 
v. 


'CCH 


22ma  max 


3ma  max 


-55 °C  to  U25°C 
VCC-5.0V 


25  °C 

VCC=5.0V 


20.4ma  max 


12ma 


7. 2ma  max 


4jna 


-55 °C  to  « 1 r 


V 


cc 


20. 4m ft 


7.  2  m  a 


Figure  4.48.  SN5400  -  Power  Supply  Current  Drain 


Given  the  same  voltage  and  environmental  conditions  the  power  supply  ’ 
dr-dr.  Pmits  would  probably  all  be  the  same.  The  circuit  designs  are  the  svn«  ,  :  • 
cult  resistor  values  do  vary  slightly. 
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Shown  below,  Figures  4.49  through  4. 51,  are  the  propagation  delay  time  test 
configurations  for  each  of  the  four  vendors. 


Figure  4.49.  Vendor  E  -  Test  Circuit 
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Figure  4.51.  Vendor  D  -  Test  Circuit 


Propagation  Delays  Vqq  = 

1  5.0V  Temperature  -  *-125  T.  j 

Vendor  E 

Vendor  C 

Vendor  F 
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4phl 

15ns 

15ns 

15ns 

15ns 

max 

max 

max 

max 

‘plh 

22ns 

29  ns 

29ns 

25ns2 

max 

max 

max 

max 

Figure  4.52  Comparison  of  Vendor  Propagation  Delay  Limits 


Note  1:  AU  delays  are  measured  from  the  1. 5  volt  level  on  the  input 
pulse  to  the  1. 5  volt  level  on  the  output  pulse  (measured  from 
ground). 

Note  2:  Delay  reflects  a  50pf  capacitive  load. 


Vendor  C’s  and  Vendor  F's  propagation  delay  test  circuits  are  exactly  the  same, 
but  they  are  configured  differently  from  the  other  vendor  loads.  The  main  difference 
with  the  load  is  the  addition  of  a  50pf  capacitor  from  circuit  ground  to  the  collector  of 
the  load  input  transistor.  This  capacitor  will  make  transitions  to  a  logic  1  longer. 

The  exact  increase  in  time  has  not  been  determined;  however,  previous  experience 
(see  comments,  Figure  4. 12)  has  shown  that  it  should  be  small  relative  to  the  actual 
delay.  The  maximum  tpLfj  limit  with  this  load  is  several  nanoseconds  longer  than  it 
is  for  the  same  device  tested  with  loads  not  having  the  additional  capacitor. 
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Vendor  C's  and  Vendor  F's  propagation  delay  test  circuits  are  exactly  the  same, 
but  they  are  configured  differently  from  the  other  vendor  loads.  The  main  difference 
with  the  load  is  the  addition  of  a  50pf  capacitor  from  circuit  ground  to  the  collector  of 
the  load  input  transistor.  This  capacitor  will  make  transitions  to  a  logic  1  longer. 

The  exact  increase  in  time  has  not  been  determined;  however,  previous  experience 
(see  comments,  Figure  4. 12)  has  shewn  that  it  should  be  small  relative  to  the  actual 
delay.  The  maximum  tpLjj  limit  with  this  load  is  several  nanoseconds  longer  than  it 
is  for  the  same  device  tested  with  loads  not  having  the  additional  capacitor. 


Vendor  E's  and  Vendor  D's  test  circuits  show  the  GUT  being  driven  directly  by 
pulse  generators.  Vendor  C  's  and  Vendor  F's  drive  the  GUT  with  another  gate. 

Vendor's  F  and  D  were  the  only  vendors  that  specified  voltage/current  criteria 
for  the  input  clamping  diodes.  They  each  used  different  device  power  supply  voltages 
for  the  same  limits  (less  than  -12ma  at  -1.5  volts  min.  input  voltage).  The  limits 
specified  are  used  in  MIL-M-38510/l  (V.l.C.  tests).  Since  device  power  supply 
voltage  is  not  an  important  constraint  for  this  measurement,  the  input  clamp  char¬ 
acteristics  for  the  Vendor  F  and  Vendor  1>  devices  are  specified  to  the  same  clamping 
.  riteria. 

Vi.-  tdnr's  D  and  E  are  the  only  vendors  that  displayed  typical  pcrionr.uam  -urv.  >~ 
in  iluir  t  itiilogs.  The  propagation  delay  characteristics  for  these  two  vendors  are 
a. aped  miferently  over  the  temperature  range  of  the  devices.  The  Vendor  i)  charac¬ 
teristics  are  somewhat  cup  shaped  while  the  Vendor  E  delay  characteristics  are  more 
linear.  The  50pf  load  delay  characteristic  (propagation  delay  to  logic  "0")  for  both 
vendors  are  similar  and  in  fact  have  similar  delays.  However,  the  Vendor  E  propa¬ 
gation  delay  curve  (to  a  logic  "1"  level)  for  a  15pfload  compares  to  the  Vendor  D 
curve  for  a  50pf  load.  Note  that  propagation  delay  tests  performed!  to  MIL-M-38510/l 
specify  50pf  capacitive  loads  and  a  25ns  (tp£H>  maximum  limit.  This  is  the  same 
limit  that  Vendor  D  specifies.  Tests  performed  in  earlier  sections  of  this  report 
show  that  Vendor  E  devices  will  meet  these  delay  requirements. 

The  conclusion  is  that  the  Vendor  E  device  propagation  delay  low-to-high  level 
ouiput  is  conservatively  specified  in  the  catalog;  also,  Vendor  D  may  be  willing  to 
exercise  some  control  on  their  devices  to  guarantee  meeting  the  maximum  propaga¬ 
tion  delay  limit  with  a  50pf  load  capacitor.  All  venders  could  probably  pass  the 
MIL-M-38510/1  tpLjj  delay  requirements. 

2 

5400  series  T  L  devices  from  the  above  vendors  are  compatible  with  each 
other  and  are,  in  fact,  specified  in  similar  manners  to  similar  limits. 
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Section  V 

VENDOR  ANALYSIS  OP  7-11  OPERATIONAL  AMPLIFIER 


5.0  General 


Forty  741A  operational  amplifiers  were  purchased  "off-the-shelf"  from  four 
different  vendors.  These  vendors  were  not  informed  of  the  proposed  use  of  their 
devices,  nor  were  samples  selected.  All  units  were  in  standard  eight-pin  metal  can. 
The  date  codes  for  each  vendor’s  part  was  as  follows:  A(7117) ,  B(7111) ,  C(7021) , 
and  D(7106).  From  the  forty  devices,  twenty-eight  units  (seven  per  vendor)  were 
randomly  selected  and  tested  at  25 °C  and  in  accordance  with  the  test  conditions,  pro¬ 
cedures,  and  limits  of  MIL-M-385 10/101.  Eight  units  (two  per  vendor)  of  the  twenty- 
eight  were  also  tested  at  -55 °C  and  +125  °C. 

Paragraphs  5.1  and  5.2  will  include  the  test  circuit  and  test  equipment  used  arid 
the  conditions  under  which  each  test  was  performed;  ’n  addition  these  paragraphs  >.* iV 
outline  some  of  the  troublesome  a^eas  in  testing  and  in  calculating  test  resuIU. 

Paragraph  5.3  will  iuclude,  parameter  by  parameter,  results  of  testing  the 
various  samples .  The  vendorp  are  listed  in  alphabetical  order  for  each  condition  .  1 

not  in  order  of  results.  It  should  be  noted  that  In  the  conditions  applicable,  absolute 
numbers  were  used  in  order  to  give  a  meaningful  analysis  of  the  data.  The  test  data 
is  presented  as  follows: 

a)  Number  of  samples  tested,  b)  number  of  samples  allowed 
(this  was  done  to  weed  out  the  obvious  errors  in  testing;  for 
example,  if  all  readings  for  input  impedance  were  around  10 
Megohms  and  one  leading  wa3  2000  Megohms,  theu  it  would  be 
disallowed,  c)  min  and  max  readings  over  the  samples  taken, 
d)  average  A  from  25 0  (this  would  be  a  measure  of  change  of 
the  two  units  which  were  checked  at  the  temperature  extremes 
as  well  as  25°C),  e)  maximum  A  from  25°C. 

Paragraph  5.4  summarizes  the  results  obtained  on  all  tests  and  establishes  a 
figure  of  merit  for  each  of  the  four  vendors  investigated. 

Filially,  paragraph  5.5  will  show  the  results  of  noise  measurements  taken  for 
all  vendors.  General  Electric  Ordnance  Systems  (GEOS)  feel3  it  is  of  extreme  im¬ 
portance  in  sensitive  analog  applications  and  should  be  controlled  bee  ause  it  puts  a 
definite  limit  on  usefulness  of  amplifiers  in  high-gain  and  high-impedance  circuits. 
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8  Lead  Can  (Top  View) 


Figure  5.2  -  Test  Condition  Used  With  741  Tester  {continued) 
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The  test  setup  of  Figure  5.1  was  used  in  conjunction  with  the  switch  positions 
and  voltages  shown  in  Figure  5. 2.  A  computer  program  was  developed  to  change  data 
in  raw  form  (El,  E2,  etc.)  to  spec  requirements. 

The  following  test  equipment  was  used  for  all  tests: 

•  d.  c.  supplies  -  Harrison  6200B 

•  DV  voltmeter  -  Fairchild  7000A 

•  DV  ammeter  -  HP  428B 

•  Temperature  chamber,  Statham 

The  oven  temperature  was  allowed  to  stabilize  for  three  hours  with  bias  power 
applied  to  the  units  before  readings  were  taken.  Ambient  temperatures  were  held  to 
within  ±3°C. 

,  2  A nalysis  of  Test  Circuit 


3.2.  1 


Measurement  Accuracy  Determination 


All  measurements  except  Power  Supply  Rejection  Ratio  (PSRR),  Common  Mode 
Rejection  Ratio  (CMRR),  and  Input  Im.  dance  (Zis)  require  simple  formula  conver¬ 
sions  to  yield  the  calculated  parameter.  For  two-place  accuracy  on  the  parameter, 
three  places  are  required  on  the  measurement.  The  required  number  of  places  on 
the  measurements  of  PSRR,  CMRR,  and  Zis  is  determined  below. 

Power  Supply  Rejection  Ratio  (PSRR)  -  Given  that 


PSRR  =  20  log 


f  IS  X  106  \ 

UEi-%i/ 


our  problem  is  to  determine  the  equipment 


accuracy  required  to  measure  Ex  and  Eg  to  insure  two-place  accuracy  of  PSRR. 

(1.  e. ,  d(PSRR)  =  ±.  1  when  PSRR  =  86) 

PSRR  =  20  log  j  =  1*3.5  "  20  l°S  jjEl  -  Egjjand  |ex  -  Eg|=  .752 

when  PSRR  =  86.  Taking  the  derivative  of  the  above  equation 

d(PSRR)  =  (-20  log  e)  ftlEl  "..Pill 

|Ei-E5I 

jilEjJlEiilj.  =■■  -.  1152  d(PSRR) 

l*’i  -  e5! 
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For  |  Ei  -  Eg  |  =  .752  mv;  d(PSRR)  =  ±.  ldb 
d(|  Ei  -  E5j  )  =  ±8.67  mv 

Therefore,  and  Eg  will  each  require  accuracy  to  ±. 0043V.  Since  typically 
Ei  and  Eg  are  measured  in  volts,  the  Instrument  readout  must  contain  four  places. 

The  equipment  accuracy  should  be  good  to  ±1  mv. 

Similarly,  the  measurement  for  CMRR  will  require  four-place  readout.  The 
measurements  requiring  four -place  readout  with  ±1  mv  accuracy  are  Ej,  Eg,  Eg,  E?, 
and  Eg. 

Input  Impedance 


=  -  Zis 


dlffiQ 
rIBO  " 


d  Zis 
Zis 


_  di-IRQ 

!IBO  "  !IBV 


Scaling  accuracy  for  Zis  and  IjgQ  ls  the  same.  Observation  shows  that  Mir* 
scaling  accuracies  for  Zis  and  Iebv  are  a^so  the  same,  Three-placo  nccun*"  •  il! 
be  sufficient  for  measurements  of  Eg,  E^,  E^g  and  Ejg. 
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Analysis  of  Circuit  to  Measure  Voltage  for  Calculation  of  Zis( 


The  test  circuit  of  paragraph  5. 1  was  rebuilt  in  a  very  tight  arrangement,  es¬ 
pecially  with  regard  to  the  input  circuit  to  the  DUT.  Tests  Ej  through.  E4  were  per¬ 
formed  in  accordance  with  para.  5.2  on  one  device  from  each  of  the  four  vendors.  This 
was  done  to  determine  the  time  required  for  the  reading  in  question  to  stabilize.  The 
switch  positions  were  set  and  power  (±  VCC)  was  applied  simultaneously  (manually) 
nnd  results  were  plotted  using  a  Visacorder.  All  units  were  tested  at  25C'C.  The 
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•  -■ . ' ! f  ■> *-e  shown  in  accompanying  figures  r<.  '■>  through  5.6.  For  each  lest,  a  pt- 
,  -as  calculated  based  on  the  drift  from  time  0  with  respect  to  the  stabUi  >*.• 

-  •'  •;  (percent  change).  For  example,  Eg  from  Vendor  C  changed  from  9  ’ro  '5' 
*Ur-  0  to  2300  mv  at  time  ,5  minutes  and  finally  settled  out  at  2100  mv  after  three 

-  *  V  ^  " 

.  .  _  .  .  2450  -  2300  x  100 

percent  change  (at .  5  min)  =  - r-rrr -  =  u.  5% 

/  £t  1UU 

Also,  the  A  percent  between  each  increment  of  time  was  also  calculated 
(  a  percent  change) . 

NOTF  The  first  .05  min  was  disregarded  due  to  switching 
transients,  this  is  considered  time  zero. 

The  results  of  these  tests  indicate  that  the  parameters  which  take  the  lent'  . 

•  :•'!•'>  ;< <~o  E,  and  Eg  and  especially  the  Vendor  C  and  Vendor  B  parts.  It  was  ‘hi-f! 

fh  i  the  drift  was  not  drastically  changed  by  allowing  the  units  to  cool  'n<> 
j'pr.odt  for'  one  hour  before  applying  power. 

Ft  -re  analyzing  the  data,  it  seems  that  a  wait  of  at  least  30  seconds  will  -'•!k>v- 
<  „r  ou-  i-nits  to  achieve  75  percent  re  GO  percent  of  their  total  drift.  Aftm-  .'hro, 
; .  tic  appreciable  drift  is  discernable. 


5.  3  Test  Results 

5.  3.  l  Input  Offset  Voltage 


MIL-M-38510/101;  Ref:  Table  III,  tests  1,  14,  and  24 

Specification:  ±3  mv  at  25 °C,  ±4  mv  at  -55°  and  +125° 
Results: 


Vendor 

ta 

°C 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

tiytt 

Avg 

A  from 

25  °C 

Max 

A  from 
25  °C 

A 

25 

7 

7 

1.67 

.020 

.667 

.617 

NA 

NA 

-55 

2 

2 

.837 

.054 

.445 

NA 

-.172 

-.194 

+125 

2 

2 

.352 

.13 

.240 

NA 

-.  377 

-.391 

B 

25 

7 

7 

2.94 

.09 

1.35 

1.27 

NA 

NA 

-55 

2 

2 

.56 

.02 

.29 

NA 

-.88 

-2.0 

+  125 

o 

2 

2.3 

.66 

1.45 

NA 

+.  18 

+  .50 

f 

25 

7 

7 

8.25 

I-  02 

2.72 

2.0 

NA 

N  'k 

-55 

2 

1 

— 

7.60* 

NA 

+5.6 

-- 

•  i.25 

2 

1 

— 

—  - 

4.70* 

NA 

+  2.7 

— 

D 

25 

7 

7 

1.5 

.18 

.55 

.44 

NA 

NA 

-55 

2 

2 

.63 

.05 

.34 

NA 

-.10 

-.11 

+  125 

2 

2 

1.0 

.7 

.85 

NA 

+.41 

+  .54 

NOTES: 

a)  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y"  at 
25  °C  with  Avg  "X”  at  -55°  and  +125°. 

b)  *lndicate  out  of  spec  conditions* 

c)  Signs  in  A  columns  indicate  direction  from  25°C* 

d)  Only  one  sample  on  Vendor  C  v/as  allowed  because 
of  burn  out  of  one  device  at  +125°  after  -55°C  and 
almost  all  of  125°  data  taken.  Data  was  not  re¬ 
peatable  (this  note  applies  to  paragraphs  5  3. 1 
through  5.3. 19. 

e)  It  was  noted  that  if  the  VCC  for  the  Vendor  C  units 
was  reduced  from  ±20v  to  ±15v,  all  offset  readings 
dropped  well  within  spec. 


Minutes _ Change 


o,  J<  2 


Input  Otfset  Voltage  Temperature  Sensitivity 


Ml L-M-385 10/101  Ref:  Table  III,  tests  15  and  25 

Specification:  ±15uv/°C  max 

Results: 


Vendor  Results 


A 

B 

C 

D 


+  2.3 
-12.9 
+16. 1* 
-  3o60 


NOTES: 

a)  The  total  spread  of  each  of  the  two  modules 
tested  at  -55°  and  +125°  was  divided  by  180°. 
Results  are  for  worst  of  the  two  modules 
(not  average). 

b)  Sign  of  results  were  determined  as  follows. 

t  if  reading  at  *125 6  was  more  positive  than 
reading  at  -55° 

-  if  reading  at  -55°  was  more  positive  than 
reading  at  +125° 

c)  *  indicates  out  of  spec  condition 
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5.3.3 


Input  Offset  Current 

MIL-M-385 10/101  Ref:  Table  III,  tests  2,  16,  and  26 
Specification:  30  na  max  at  25°C;  75  na  max  at  -55°  and  +125° 
Results: 


Vendor 

ta 

°C 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X” 

Avg 

ttyti 

Avg 

A  from 
25°C 

Max 

A  from 
25  °C 

A 

25 

7 

7 

4.4 

.173 

2.49 

2.8 

NA 

NA 

-55 

2 

2 

47.5 

39.6 

45.0 

NA 

+42.2 

+47.0 

+125 

2 

2 

13.5 

2.1 

8.3 

NA 

+5.5 

+9.0 

B 

25 

7 

7 

35.6 

4.5 

16.04 

17.0 

NA 

NA 

-55 

2 

2 

15.1 

2.8 

7.7 

NA 

-9.3 

-10.1 

+125 

2 

2 

10.4 

1.3 

5.8 

NA 

-11.2 

-15.0 

C 

25 

7 

7 

8.8 

3.24 

6.4 

9.0 

NA 

NA 

-55 

2 

1 

— 

— 

244* 

NA 

^35 

— 

+  125 

2 

1 

— 

— 

2. 15 

NA 

-6.85 

— 

I) 

25 

7 

7 

2.3 

.2 

1.7 

1.45 

NA 

NA 

-55 

2 

2 

2.4 

.8 

1.6 

NA 

+.15 

+.33 

+  125 

2 

2 

.5 

.3 

.4 

NA 

-1.05 

-1.7 

NOTES: 

a)  Avg  "X"  Is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55°  and 
+125°  were  calculated  by  comparing  Avg  ”Y"  at  25  °C 
with  Avg  "X"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25 °C. 


5.3.4 


Input  Offset  Current  Temperature  Sensitivity 


M1L-M-385 10/101  Ref:  Table  in,  tests  18  and  28 
Specification:  ±. 5na/°C  from  -55°  to  +125° 

±.5na/°C  from  25°  to  +125° 

Results: 

Vendor  -55°  to  +25°  +25°  to  +1256 


A  +  .596*  -.047 

B  +  .125  -.15 

C  +3.15*  +.09 

D  +  .0125  -.024 


NOTES: 

a)  The  total  spread  of  each  of  the  two  modules  tested 
at  (-55°  to  +25°)  and  (+25°  to  +125°)  was  divided 
by  80°  and  100°,  respectively.  Results  are  for 
worst  of  two  modules  (not  average) . 

b)  Sign  of  results  were  determined  as  follows: 

^  if  reading  was  more  positive  at  25°  than  at  -55° 

-  if  reading  was  more  positive  at  -55°  than  at  25' 
+  if  reading  was  more  positive  at  125°  than  at  25° 

-  if  reading  was  more  positive  at  25°  than  at  125° 

c)  *  denotes  out  of  spec  condition. 
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5.3.5 


Input  Bias  Current 


MIL-M-385 10/101  Ref:  Table  m,  tests  3,  18,  and  28 
Specification:  80na  max  at  25°;  210na  max  at  -55°  and  +125° 
Results: 


\  endor 

TA 

°c 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

fiyi* 

Avg 

A  from 
25°C 

Max 

A  from 

25  °C 

A 

25 

7 

7 

58.6 

15.7 

29.3 

24.7 

NA 

NA 

-55 

2 

2 

29.5 

28.2 

28.8 

NA 

+4.1 

+  12.5 

+125 

2 

2 

17.2 

9.5 

13.4 

NA 

-11.3 

-16.4 

B 

25 

7 

7 

72.8 

28.5 

49.25 

50.5 

NA 

NA 

-55 

2 

2 

178 

177 

177.5 

NA 

+  127 

+51 

+125 

2 

2 

30 

13 

21 

NA 

-29.5 

-42 

C 

25 

7 

7 

149* 

52.6 

93.2* 

65. 7 

NA 

NA 

-55 

2 

1 

43 

NA 

-22.7 

— 

+  125 

2 

1 

^  M  — 

- - 

66.5 

NA 

+.8 

-- 

D 

25 

7 

7 

95* 

17.5 

47.7 

35 

NA 

NA 

-55 

2 

2 

34.5 

13.5 

24 

NA 

-11 

-18 

+  125 

2 

2 

20.7 

11.25 

15.9 

NA 

-19.1 

-32 

NOTES: 

a)  Avg  ,*X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  ,fY"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y" 
at  25 °C  with  Avg  "X"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  °C. 


5.3.6  Power  Supply  Rejection  Ratio  (+) 


MIL-M-385 10/101  Ref;  Table  IB,  test  4 
Specification:  86db  min  at  25s 
Results: 


Vendor 

tA 

°c 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

ityft 

Avg 

A  from 
25°C 

Max 

A  from 
25°C 

A 

25 

7 

7 

105 

79.2* 

90.8 

90.9 

NA 

NA 

-55 

2 

2 

106 

96.7 

101.3 

NA 

+10.4 

+24.5 

+125 

2 

2 

118 

93.2 

105.6 

NA 

+15.1 

+36 

B 

25 

7 

7 

96.2 

89.7 

91.7 

90.2 

NA 

NA 

-55 

2 

2 

98.9 

91,7 

95.3 

NA 

+  5.1 

+  8.1 

+125 

2 

2 

91.7 

91.2 

91.4 

NA 

+  1.2 

+  1.2 

C 

25 

7 

7 

111.5 

63.6* 

83.1*  76.5* 

NA 

NA 

-55 

Z 

1 

mum 

— 

67.4 

NA 

-  9.1 

— 

+125 

2 

1 

— 

69.9 

NA 

-  6.6 

— 

D 

25 

7 

7 

106 

79.7* 

95.7 

99.0 

NA 

NA 

-55 

2 

2 

101.2 

97.8 

99.5 

NA 

-  .5 

-  6.0 

+125 

2 

2 

109.5 

80.6 

103.1 

NA 

+  4.1 

+  4.5 

NOTES: 

a)  Avg  ”X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  ,fY"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y"  at 
25°C  with  Avg  "X"  at  -55°  and  +125. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  °C. 

d)  Although  not  called  out,  temperature  data  taken  on  unit 


5.3.7 


Power  Supply  Rejection  Ratio  (-) 

MIL-M-38510/101  Ref:  Table  HI,  teat  5 
Specification:  86db  min  at  25  °C 
Results: 


Avg  Max 


Vendor 

ta 

°C 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

llytt 

k  from 
25°C 

k  from 
25#C 

A 

25 

7 

7 

92. 15 

81.5* 

89.1 

89.7 

NA 

NA 

-55 

2 

2 

100.4 

92.1 

96 

NA 

4  6.3 

+11.3 

+  125 

2 

2 

90.4 

89.5 

89.9 

NA 

+  .2 

+  .81 

B 

25 

7 

7 

101 

81.24* 

87.4 

84.5 

NA 

NA 

-55 

2 

2 

95.9 

76 

85.5 

NA 

-*  1 

+  7.2 

+125 

2 

2 

87.0 

80 

83 

NA 

-  1.5 

-  1.5 

C 

25 

7 

7 

92 

62.7* 

82.2*  84.8* 

NA 

NA 

-55 

2 

1 

— 

— 

69.6 

NA 

-15.2 

— 

+  125 

2 

1 

— 

mm 

72.1 

NA 

-12.7 

— 

D 

25 

7 

7 

100.7 

80.6 

93.7 

99.0 

NA 

NA 

-55 

2 

2 

99.4 

96.3 

97.8 

NA 

-  1.2 

-  1.7 

+125 

2 

2 

105 

99 

102 

NA 

+  3 

+  7.0 

NOTES: 

a)  Avg  "X”  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests,  k' s  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  ,*Y’’ 
at  25°C  with  Avg  "X"  at  -55°  and  +125°. 

b)  *  Indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  X. 

d)  Although  not  called  out,  temperature  data  taken  on 
units. 


86 


5.3.8 


MIL-M-385 10/101  Ref:  Table  III,  test  6 
Specification:  SOdb  min  at  25°;  -55°  and  +125 
Results: 


Avg  Max 


Vendor 

ta 

*C 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

”X" 

Avg 
f  fy,f 

A  from 
25°C 

A  from 
25°C 

A 

25 

7 

7 

1 12,6 

90.23 

96.5 

94.2 

NA 

NA 

-55 

2 

2 

95.  G 

95.2 

95.4 

NA 

+  1.2 

-  1.4 

+125 

2 

2 

Gi.97  93.1 

94.0 

NA 

-  .2 

-  .4 

B 

25 

7 

7 

104.4 

81.51 

90.17 

92.0 

NA 

NA 

-55 

2 

2 

98.1 

91.0 

94.5 

NA 

+  2.5 

+16.7 

+125 

2 

f\ 

,v 

89.3 

79.6 

84.0 

NA 

-  8 

-  8.5 

C 

25 

7 

7 

94.6 

63.9* 

82.2 

78* 

NA 

NA 

-55 

2 

1 

— 

75.0* 

NA 

-  3 

— 

+125 

2 

1 

— 

80.0 

NA 

+  2 

— 

D 

25 

7 

7 

59.5*  58.8* 

58.95*  59* 

NA 

NA 

-55 

2 

2 

99.4 

58.9* 

78* 

NA 

+19 

+40 

+125 

2 

2 

58.9*  58.5* 

58.7* 

NA 

-  .3 

-  .4 

NOTES: 

a)  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  ”Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  ”Y" 
at  25  °C  with  Avg  "X"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  °C. 


5.  3. 3 


A  diustment  for  f.iput  Offset  Voltage  ► ) 


MIL- M-385 10/101  Ref:  Table  m,  test  7 
Specification:  lOmv  min  at  25°C;  -55°  and  <-125 a 


Results: 

ta 

Vendor  °C 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

\ 

Avg 

A  from 
25°C 

Max 

A  from 
25  °C 

A 

25 

7 

7 

18.6 

16.8 

17.6 

17. 19 

NA 

NA 

-55 

2 

2 

12. 85 

11.73 

12.29 

NA 

-4.9 

-5. 8 

+  125 

2 

2 

19. 33 

18.8 

19.01 

NA 

+1.  82 

*2.  5 

3 

25 

7 

7 

16. 36 

12.5 

15. 12 

14.7 

NA 

NA 

-55 

2 

2 

10.1 

7.4* 

8.7* 

NA 

-6.0 

-•■.8 

+ 125 

2 

2 

21.2 

17.0 

19.1 

NA 

■4.  i 

■■ s 

(' 

25 

7 

7 

27.1 

15.9 

18. 87 

16.8 

NA 

NA 

-55 

2 

1 

— 

— 

11.1 

NA 

-5.7 

-- 

"128 

2 

1 

— 

— 

15.0 

NA 

-1.8 

- 

D 

25 

#•» 

7 

19.3 

16.2 

17.4 

16.7 

NA 

NA 

-55 

2 

2 

15.6 

14.7 

15. 15 

NA 

-1.55 

-2.0 

+125 

2 

2 

16.3 

14.3 

15.3 

NA 

-1.4 

-J.9 

NOTES: 

a)  Avg  "X"  is  the  average  (absolute)  for  total  san:p'i>"-- 
allowed.  Avg  "Y"  is  the  average  (absolute)  for 
samples  used  in  temperature  tests.  A’s  for  -5r 
and  +125°  were  calculated  by  comparing  Av$:  A 

at  25  °C  with  Avg  "X”  at  -55'  and  1 125' . 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  2f»*C. 
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MFL-M-385 10/101  Ref:  Table  III,  test  8 
Specification:  lOmv  min  at  25°C;  -55°  and  +125° 

Results: 

Avg  Max 

Ta  Samp  Samp  Avg  Avg  A  from  A  from 

Vendor  °C  Tested  Allowed  Max  Min  ”X”  "Y"  25°C  25°C 


A  25  7  7  17. 39 

-55  2  2  12.54 

4125  2  2  17.2 

R  25  7  7  15.78 

-55  2  2  10. 3 

H25  2  2  17. 1 

*.  25  7  7  20.5 

-55  2  1 

J125  2  1 

D  25  7  7  17.7 

-55  2  2  12.75 

+125  2  2  17.6 


16.18 

16. 21 

16.7 

NA 

NA 

12.06 

12.30 

NA 

-4.1 

-4.6 

16.9 

17.05 

NA 

+  .35 

+  .09 

12.29 

14.61 

13.2 

NA 

NA 

17.4* 

8. 84*  NA 

-4.4 

-4.9 

14.5 

15.8 

NA 

+2.6 

+4.6 

15.0 

16.49 

16.4 

NA 

NA 

— 

12.3 

NA 

-4.1 

— 

— 

21.8 

NA 

+5.4 

— 

15.8 

16.88 

16,9 

NA 

NA 

12.27 

''-.5 

NA 

-4.4 

-4.65 

15.8 

16.7 

NA 

-  •  2 

-  .6 

NOTES: 

a)  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "7"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y" 
at  25 °C  with  Avg  "X"  at  -55°  and  +125 °. 

b)  *  indicate  out  of  spec  condition. 

o)  Signs  in  A  columns  indicate  direction  from  25  °C. 
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2tv«' 


m-I  j’  A.«y  t"  '  - 


5.3.11  Output  Short  Circuit  Current  (+) 


MIL-M-385 10/101  Ref:  Table  III,  tests  9,  19,  and  29 
Specification:  15-30ma  at  25  °C;  15  -35ma  at  -55°  and  +125" 
Results: 


ta 

Vendor  ~C 


Samp 

Tested 


Samp 
Allowed  Max 


Avg  Avg 
’’X”  ,,Y" 


Avg  Max 
A  from  A  from 
25°C  25 °C 


A  25  7 

-55  2 

+125  2 


20 

17 

18.4 

17.8 

NA 

NA 

30 

24 

27 

NA 

+9.2 

+11.8 

13.2* 

12.5* 

12. 8* 

NA 

O 

• 

lO 

1 

-  5.7 

B  25  7 

-55  2 

+125  2 


7  20.5  14.5*  17.02  18.2  NA  NA 

2  22  14  18  NA  -  .  2  -  2 

2  11*  9*  10*  NA  -8.2  -  8 


C  25  See  note  (d)  below 

-55 
+125 


D  25  See  note  (d)  below 

-55 
+125 


NOTES: 

a)  Avg  "X"  Is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  In  temperature  tests.  A’s  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y" 
at  25  °C  with  Avg  ’X"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  conditions. 

c)  Signs  in  A  column  indicate  direction  from  25 °C. 

d)  Vendor  D's  units  blew  when  performing  this  test  at 
25 °C  (two  units).  Vendor  C's  units  blew  at  +125° 
(two  units). 
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5. 3. 12  Output  Short  Circuit  Current  (-) 

MTL-M-385 10/101  Ref:  Table  III,  tests  10,  20,  and  30 
Specification:  15-30ma  at  25°C;  15-35ma  at  -55°  and  +125° 
Results: 

Ta  Samp  Samp  Avg  Avg 

Vendor  °C  Tested  Allowed  Max  Min  "X"  "Y" 


Max 

Min 

Avg 

"X" 

Avg 

tiy1’ 

Avg 

A  from 
25°C 

Max 

A  from 
256C 

18 

16 

16.6 

16.3 

NA 

NA 

30 

27 

28.5 

NA 

+  12.2 

414.0 

L4* 

10.5* 

12.2* 

NA 

-  4.1 

-  4.5 

20.5 

14.0 

16.91 

17.2 

NA 

NA 

22.5 

16.3 

19.4 

NA 

+  2.2 

4  5.2 

12* 

7.0* 

10* 

NA 

-  7.2 

-  9.1 

See  note  (d)  below 


See  note  (d)  below 


NOTES: 
a)  Avg 


Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A’s  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y" 
at  25 °C  with  Avg  "X"  at  -55°  and  +125°. 

*  indicate  out  of  spec  condition. 

Signs  iu  A  columns  indicate  direction  from  25  °C. 

Vendor  D’s  units  blew  when  performing  this  test  at 
25 °C  (two  units).  Vendor  C’s  units  blew  at  +125°C 
(two  units). 
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>.  3.  13  d.c.  Power  Dissipation 

Mi  i,-M-38510/101  Ref:  Table  ni,  tests  11,  21,  and  31 
Specification:  150 mw  max  at  25CC ,  165  mw  max  at  -55°C 
135mw  max  at  +125°C 


Results: 


Vendor 

Ta 

°c 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X” 

Avg 

fiyff 

Avg 

A  from 
25°C 

Max 

A  from 
25°C 

A 

25 

7 

7 

112 

88 

100 

110 

NA 

NA 

-55 

2 

2 

120 

112 

116 

NA 

+  6 

+  8 

'  125 

2 

2 

88 

80 

84 

NA 

-26 

-28 

25 

7 

7 

116 

88 

102.1 

111 

NA 

NA 

-•55 

2 

2 

136 

132 

134 

NA 

+23 

+27 

-  125 

2 

2 

90 

88 

89 

NA 

-29 

-29 

r 

25 

7 

7 

120 

69 

83.6 

70 

NA 

NA 

-55 

2 

1 

— 

— 

74.0 

NA 

+  4 

- 

- 1 25 

2 

1 

— 

-- 

64.4 

NA 

-  6.6 

... 

i) 

25 

7 

7 

96 

80 

87.2 

91.5 

NA 

NA 

-55 

2 

2 

104 

99 

101.5 

NA 

+10 

+  12 

U25 

2 

2 

80 

68 

74 

NA 

-17.5 

-18 

NOTES: 

af  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  ''Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  il25°  were  calculated  by  comparing  Avg  "V"  at 
25'C  with  Avg  "X"  at  -55°  and  +125'’. 

b)  *  indicate  out  of  spec  condition. 

■:)  Signs  in  «\  column?  indicate  direction  from  25'5C. 


o.3.  L-5 


A1IL-M-38510/101  Ref:  Table  III,  tests  13,  22,  and  32 
Specification:  1  Meg  ohm  min  at  25° ,  .5  Meg  ohm  min  at  -55*  and  +125° 


Results: 

Ta 

Vendor  °C 

Samp 

Tested 

Samp 

Allowed  Max 

Min 

A\*«r 

«•«*»♦ 

A 

Avg 

”Y" 

A.g 

A  from 
25  "V 

N 

A  from 
25 4  C 

A  25 

7 

6 

3(50 

39 

192 

180 

NA 

NA 

-55 

2 

2 

4 

1.09 

2.5 

NA 

-  j  ~  " 

-329 

+125 

2 

2 

91 

9.0 

50 

NA 

-130 

-341 

B  25 

7 

6 

19.3 

.313’ 

*  8.45 

i  7. 

8  NA 

NA 

-55 

2 

2 

10.0 

10.0 

10.0 

NA 

h  2.2 

4  9.3 

+  125 

2 

2 

100 

8G.3 

93 

NA 

t  85.2 

+  96 

C  25 

7 

ti 

82.7 

1.20 

32.1 

1. 

20  NA 

NA 

-55 

2 

1 

— 

-•  •* 

1.90  NA 

-  .7 

•— 

■  125 

2 

1 

— 

— 

20.3 

NA 

•  !  A.  til 

-- 

1  25 

7 

(5 

100 

• 

12.9 

77. 

0  f.  \ 

.  k 

-55 

2 

2 

8.1 

5.2 

0.0 

NA 

-  7) 

»  \ 

■  125 

A 

2 

20. 1 

*...«> 

13.7 

NA 

-  03.9 

-  .1-1 

NOTES: 

a)  Avg  ”X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y”  at 
25 °C  with  Avg  "X"  at  -55°  and  +125'’. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  °C. 
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MlL-M-38510/ 101  Ref:  Table  in,  tests  13,  23,  and  33 

Specification:  1  Meg  ohm  min  at  25°C ,  .  5  Meg  ohm  min  at  -55°  and  +125® 

Results: 

Avg  Max 


Vendor 

ta 

Samp 

Tested 

Samp 

Allowed  Max 

Min 

Avg 

"X” 

Avg 

ttyft 

A  from 
25°C 

A  from 
25°C 

A 

25 

7 

7 

850 

2.7 

233 

152 

NA 

NA 

-55 

2 

2 

110 

4 

57 

NA 

-  95 

-305 

+  125 

2 

2 

59 

55 

57 

NA 

-  95 

-301 

B 

25 

7 

5 

15.5 

1.2 

8.5 

7.5 

NA 

NA 

-55 

2 

2 

10 

10 

10 

NA 

+  2.5 

+  5.1 

+  125 

2 

2 

70 

63.3 

67 

NA 

+  59.5 

+  60. 7  . 

C 

25 

7 

6 

109 

3.4 

46.8 

3.4 

NA 

NA 

-55 

2 

1 

— 

— 

16.6 

NA 

+  13.2 

— 

+125 

2 

1 

— 

— 

13.7 

NA 

+  10.3 

— 

n 

25 

7 

6 

100 

15 

60.2 

26.3 

NA 

NA 

-55 

2 

2 

15.7 

10.9 

13.3 

NA 

-  13 

— 

+  125 

2 

2 

300 

13.8 

157 

NA 

+130.7 

+247 

NOTES: 

a)  Avg  ”X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y" 
at  25  °C  with  Avg  "Y"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  °C. 
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5.3. 16 


MIL-M-385 10/101  Ref:  Table  III,  tests  34,  38,  and  42 
Specification:  32v  P  to  P  at  25°C;  -55°  and  +125° 
Results: 


Vendor 

Ta 

°c 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

ttylt 

Avg 

A  from 
25°C 

Max 

A  from 
25  °C 

A 

25 

7 

7 

37.01 

36.36 

36.73 

36.71 

NA 

NA 

-55 

2 

2 

36.24 

36.19 

36.21 

NA 

-.5 

-.52 

+125 

2 

2 

37.63 

37.63 

37.65 

NA 

-.06 

-.08 

B 

25 

7 

7 

37.06 

36.38 

36.84 

36.80 

NA 

NA 

-55 

2 

2 

36.46 

36.42 

36.44 

NA 

-.46 

-.52 

+  125 

2 

2 

37.14 

36.95 

37.04 

NA 

+.24 

+  .60 

C 

25 

7 

7 

37.8 

37.0 

37.44 

37.2 

NA 

NA 

-55 

2 

1 

•- 

37. 0 

NA 

_  •/ 

•  * 

— 

■rV25 

2 

1 

— 

— 

36.3 

NA 

-.9 

— 

n 

25 

7 

7 

38.0 

37.2 

37.55 

37.50 

NA 

NA 

-55 

2 

2 

37.5 

37.0 

37.25 

NA 

•  • 

.50 

+125 

2 

2 

38.3 

38.1 

38.2 

NA 

+.7 

+.8 

NOTES: 

a)  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y"  at 
25 °C  with  Avg  ”X"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25°C. 
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5.3.17  Output  Voltage  Swing  (Rt,  =  2K) 


MIL- M-385 10/101  Ref:  Table  III,  tests  35,  39,  and  43 
Specification:  30v  P  to  P  at  25  °C;  -55°  and  +125° 
Results: 


Vendor 

Ta 

°C 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

t»y»f 

Avg 

A  from 
25°C 

Max 

A  from 
25  °C 

A 

25 

7 

7 

36.37 

35.77 

36.12 

36. 16 

NA 

NA 

-55 

2 

2 

35. 78 

35.71 

35.74 

NA 

-.42 

00 

• 

1 

+125 

2 

2 

36.6 

36.32 

36.46 

NA 

+.30 

+.5 

B 

25 

7 

7 

36.41 

35.93 

36.26 

38.25 

NA 

NA 

-55 

2 

2 

36.93 

35.88 

35.9 

NA 

-.35 

-.37 

+125 

2 

2 

36.6 

35.71 

36.15 

NA 

-.10 

-1.5 

C 

25 

7 

7 

36.8 

36.3 

36.52 

36.3 

NA 

N  A 

-55 

2 

1 

— 

— 

36.3 

NA 

0 

+  125 

2 

1 

— 

36.2 

NA 

-.1 

— 

D 

25 

7 

7 

36.  3 

30.2 

36.6 

36.55 

NA 

NA 

-55 

2 

2 

36.5 

36.1 

36.3 

NA 

-.25 

-  e 

+  125 

2 

2 

37.5 

37.4 

37.45 

NA 

+.9 

-t.y 

NOTES: 

a)  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  "Y"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55°  and 
+125°  were  calculated  by  comparing  of  Avg  "Y"  at 

25  °C  with  Avg  "X"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25°C. 


()r»en  Loop 


=  15v) 


Ml L-M- 385 10/101  Ref:  Table  in,  tests  36,  40,  and  44 
Specification:  31.6v/mv  min  (90db)  at  25°C,  -55°,  and  +125c 
Results: 


\  entior 

Ta 

°c 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg  Avg 

fix"  nyft 

Avg 

A  from 
25°C 

Max 

A  from 

2  VC 

A 

25 

7 

7 

242 

81 

113  95 

NA 

NA 

-55 

2 

2 

202 

119 

167  NA 

+  72 

+  102 

+125 

2 

2 

123 

83 

105  NA 

+  10 

+  30 

6 

25 

7 

7 

365 

62 

127  108 

NA 

NA 

-55 

2 

2 

375 

75 

150  NA 

+  42 

+300 

+125 

2 

2 

100 

60 

91  NA 

-  17 

-  40 

C 

25 

7 

.  6 

57.7 

2.42*  19.32*  15.6* 

NA 

NA 

-55 

2 

1 

— 

— 

4.5*  NA 

-  li  : 

-- 

-125 

2 

1 

— 

— 

4.5*  NA 

-  11. 1 

-- 

V) 

25 

7 

7 

258 

8.5* 

145.9  175 

NA 

-55 

2 

2 

75 

51 

63  NA 

-112 

n;c 

r 

*— * 
to 
CH 

2 

2 

166 

68.2 

117  NA 

-  28 

-135 

NOTES: 


a)  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  ,fY"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55°  and 
+125°  were  calculated  by  comparing  Avg  "Y"  at  25°C 
with  Avg  "X"  at  -55°  and  +125°. 


b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  °C. 


d)  The  gain  tests  were  taken  on  both  inverting  and 
non-inverting  inputs  and  then  averaged. 


MIL-M-385 10/101  Ref:  Table  in,  tests  37,  41,  and  45 
Specification:  lOv/mv  min  (80db)  at  25°C,  -55°  and  +125° 
Results: 


Avg  Max 


Vendor 

ta 

°C 

Samp 

Tested 

Samp 

Allowed 

Max 

Min 

Avg 

"X" 

Avg 

tty" 

A  from 
25°C 

A  from 
25°C 

A 

25 

7 

6 

400 

95 

183 

255 

NA 

NA 

-55 

2 

2 

176 

29 

105 

NA 

-150 

-175 

+125 

2 

2 

119 

28 

75 

NA 

-180 

-250 

B 

25 

7 

7 

500 

18 

125.4 

100 

NA 

NA 

-55 

2 

2 

25 

8.3 

18.0 

NA 

-  82 

-125 

+125 

2 

2 

200 

30 

122 

NA 

+  22 

+150 

C 

25 

7 

6 

200 

20 

57.4 

133 

NA 

NA 

' 

2 

1 

— 

— 

25 

NA 

-107 

— 

2 

1 

— 

— 

41 

NA 

-  92 

— 

L> 

25 

7 

6 

250 

26 

110 

55 

NA 

NA 

-55 

2 

2 

100 

16 

58 

NA 

+  3 

+  44 

+125 

2 

2 

200 

19 

109 

NA 

+  54 

+219 

NOTES: 

a)  Avg  "X"  is  the  average  (absolute)  for  total  samples 
allowed.  Avg  ,fY"  is  the  average  (absolute)  for  two 
samples  used  in  temperature  tests.  A's  for  -55° 
and  +125°  were  calculated  by  comparing  Avg  "Y"  at 
25°C  with  Avg  "X"  at  -55°  and  +125°. 

b)  *  indicate  out  of  spec  condition. 

c)  Signs  in  A  columns  indicate  direction  from  25  °C. 

d)  The  gain  tests  were  taken  on  both  inverting  and 
non-inverting  input,  and  then  averaged. 
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5,3.20  Slew  Rate 

MIL-M-38510/101  Ref:  Figure  13 
Specification:  0.4v/usec  min  at  Vjjj  =  ±15v§  25°C 
Results: 


Vendor 

Samples 

Tested 

Samples 

Allowed 

Max 

Min 

Avg 

A 

.515 

.445 

.480 

B 

4 

4 

.57 

.50 

.542 

C 

4 

4 

1.82 

1.22 

1.43 

D 

4 

4 

.80 

•  63d 

.716 

5.4  Analysis  of  Test  Results 

No  vendor  met  all  the  test  specifications  of  MIL-M-38510/101.  Vendor  A's 
devices  came  closest:  his  failed  only  three  tests. 


A  complete  rundown,  vendor  by  vendor  is  shown  in  the  following  table. 


Vendor 

Total 

No. 

Tests 

Easily 

Tests  Passed 

Normal  Margin 

Tests  Failed 

Badly  Normal  Marginal 

A 

51 

27 

18 

3 

0 

0 

3 

B 

51 

21 

23 

3 

1 

2 

1 

C 

51 

19 

11 

3 

11 

4 

3 

D 

51 

29 

12 

1 

6 

2 

1 

Figure  5. 7.  Vendor  Comparison  Chart 

a.  Total  tests  include  all  temperatures,  i.e.  offset  would  include  three 
tests  25°,  -55°,  and  +125°. 


b.  An  easily  passed  test  would  be  one  in  which  less  than  50  percent  of 
the  spec  used. 

c.  A  marginally  passed  test  would  be  one  in  which  more  than  90  percent 
of  the  spec  is  useu. 
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cl.  A  badly  failed  or  catastrophic  test  would  be  one  in  which  reading  was 
50  percent  or  greater  over  the  limits. 

e.  A  marginally  failed  test  would  be  one  in  which  reading  was  10  percent 
or  less  over  the  limit. 

To  establish  some  vehicle  for  comparison,  the  following  method  was  devised. 
\n  adder  or  subtractor  was  assigned  to  each  of  the  categories  of  Figure  5.7.  The 
method  can  be  described  graphically  as  follows: 

%  of  Spec 

.  Used  50%  90%  100%  110%  150% 


Test  adder 

or  +3  +2 

Subtractor 

Figure  5. 8.  Vendor  Comparison  Clarification 

The  above  method  of  point  establishment  is  arbitrary  and  can  be  adjusted  de¬ 
pending  upon  the  area  of  concern  for  the  user.  Also,  if  -55 °C  was  an  important 
operating  temperature  to  a  particular  user,  and  +125°  and  25°  were  not,  then  the 
weight  of  the  -55 °C  test  could  be  more  than  the  other  tests. 

The  results  of  applying  the  format  of  Figure  5. 8  to  the  test  results  of  Figure  5. 7 
is  as  follows: 

A  114 

B  88 

C  -54 

D  40 

NOTE:  A  perfect  score  is  all  parameters  (using 
less  than  50  percent  o.1'  the  spec)  would  be 
303. 
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5.5  Noise  Investigation 


Integrated  circuit  operational  amplifiers  such  as  the  709  and  741  exhibit  two 
distinct  kinds  of  noise.  White  or  normal  noise  can  be  readily  measured  with  a  noise 
analyzer  and  broken  down  into  a  voltage  and  current  component.  This  noise  occurs 
over  a  wide  frequency  range. 

The  other  type  of  noise,  commonly  called  "popcorn”,  is  characterized  by 
erratic  bursts  or  shifts  in  the  d.c.  output  level.  It  occurs  at  a  low  frequency  and  the 
bursts  last  for  100  pseconds  or  more.  The  shifts  can  be  either  positive,  negative  or 
both  for  a  particular  device.  Popcorn  noise  gets  worst  at  high  input  impedances  and 
at  low  temperatures. 

When  popcorn  noise  was  first  noticed,  it  was  feared  by  many  users  that  it  indi¬ 
cated  either  a  cracked  or  contaminated  chip  and  would  adversely  affect  reliability. 
GEOS  on  the  Poseidon  Program  performed  many  life  tests  on  709 's  being  careful  to 
separate  units  exhibiting  popcorn  noise  from  those  that  had  only  white  noise.  No 
difference  in  either  failure  rate  or  drift  of  parameters  were  noted.  These  tests  have 
since  been  repeated  by  the  Naval  Ammunition  Depot,  Crane,  Indiana  with  the  same 
results.  It  is  now  commonly  believed  that  popcorn  noise  is  caused  by  flaws  in  either 
the  crystal  or  oxide  passivation  near  the  surface  occurring  in  the  area  of  the  input 
transistors,  an  NAD  Crane  report  is  available  on  the  subject. 

Noise  must  be  specified  and  controlled  because  it  puts  a  definite  limit  on  the 
usefulness  of  these  amplifiers  in  high  gain  or  high  input  impedance  circuits. 

On  the  Poseidon  Program,  noise  for  709's  was  specified  with  a  20  K  ft  source 
impedance.  It  was  found  that  white  noise  was  always  below  15  p  v  peak  referred  to 
the  input  and  popcorn  noise  almost  always  above  50  p  v  peak  and  sometimes  going  to 
several  hundred  p  v's.  Consequently,  the  specification  was  set  at  20  p  v  peak  and 
over  10,000  devices  have  been  purchased  to  this  requirement.  TTiis  paramote  r  is 
100  percent  tested  for.  Many  vendors  had  no  yield  to  this  requirement  hut  some  f.r.k 
lost  10  percent  of  their  product  because  of  it.  The  price  per  part  increased  approxi¬ 
mately  20  percent.  The  requirement  has  become  less  of  a  handicap  now  than  it  .vuz 
a  few  years  ago  3lnce  less  than  1  percent  of  the  most  recent  devices  have  exhiKlod 
popcorn  noise  bursts  between  15  and  20  p  v. 

The  data  for  the  741  devices,  Figure  5.9,  shows  that  white  noise  is  sin.'!;  r  to 
"09's  in  that  it  is  always  below  15  p  v's.  Popcorn  noise  at  a  source  impedance 
100  K  ft  appears  in  almost  all  devices  and  ranges  from  12  p  v  to  44  p  v  peak .  Th  *. 
is  lower  than  709's  because  the  30  pf  internal  capacitor  limits  the  bandwidth  below 
hat  of  a  709.  Two  vendors  have  devices  which  would  meet  25  p  v  peak  with  n  loo 
percent  yield  for  the  devices  tested.  The  other  two  vendors  would  have  almost  no 
vieid  to  this  requirement.  Other  not  tested  vendors  guarantee  no  popcorn  above 
u  v  peak. 


| '  It  is  our  recommendation  that  a  noise  requirement  of  25  p  v  peak  be  r  aded  to 

I  <  M38510/101.  That  this  parameter  be  tested  for  using  a  shielded  circuit  ’  ith  a  closed 

I  ;  loop  gain  of  1000  and  a  memory  voltmeter  or  storage  oscilloscope.  Because  of  the 

|  <  erratic  nature  of  the  noise  and  its  low  frequency,  it  is  not  known  whether  or  not  this 

parameter  could  be  measured  on  automatic  test  equipment.  Hie  time  required  to  per- 
f  l  form  the  test  (i.  e.  30  seconds)  would  make  automatic  test  equipment  impractical  for 

I  i  this  parameter. 
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Noise  Daia:  741  Operational  Amplifier 
Data  ir»  expressed  in  /t  v  peak. 

Vendor  A 


Vendor  B 


Vendor  C 


Unit  No. 

@  10  Kfl 

@100  KG 

20 

15  popcorn 

20  popcorn 

21 

15  popcorn 

18  popcorn 

23 

15  popcorn 

20  popcorn 

24 

16  popcorn 

17  popcorn 

25 

15  popcorn 

16  popcorn 

26 

15  popcorn 

16  popcorn 

27 

15  popcorn 

40  popcorn 

28 

6  white 

16  white 

29 

15  popcorn 

40  popcorn 

30 

10  popcorn 

34  popcorn 

32 

24  popcorn 

36  popcorn 

Figure  5.9.  Noise  Data  for  741  (Continued) 


40 

24  popcorn 

30  popcorn 

41 

35  popcorn 

40  popcorn 

43 

36  popcorn 

44  popcorn 

-< 

£ 

45 

15  popcorn 

40  popcorn 

'V 

aj 

’j 
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Vendor  D 


■53 > ■y.-s&vtv'-  ■ 


Unit  No. 


@  10  Kft 


@100  KH 


20  popcorn 

17  popcorn 
10  white 

18  popcorn 


25  popcorn 
20  popcorn 

10  white 

20  popcorn 

11  white 
10  white 
18  popcorn 

12  popcorn 

13  popcorn 
22  popcorn 
13  popcorn 
10  white 

21  popcorn 
18  popcorn 


I  i 


Figure  5.9.  Noise  Data  for  741  (Concluded) 
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Section  VI 
ECL  REVIEW 


‘  0  introduction 

Information  presented  in  this  report  was  obtained  from  a  variety  of  sources, 
vendor  catalogs,  application  notes,  discussion  with  manufacturers,  and  visit  to  a 
military  user  of  these  devices. 

Emitter-coupled  logic  is  a  non-saturating  form  of  logic  circuit  which  is  generally 
!  ■!•■•.  u  ‘zed  by  extremely  fast  rise  and  fall  times  of  four  nsec  or  less  and  »  d 

*  •••tween  output  high  and  low  levels  of  less  than  one  volt.  In  contrast  to  '*«■„  .  • 

'  •  logic  such  as  DTL  and  T2L,  ECL  is  extremely  susceptible  to  noise  md  ,  '  ‘ 

j  ti  -n  is  strongly  dependent  upon  interconnection  methods. 

‘  ‘  Thermal  Considerations 


Non-saturating  logic,  output  levels  and  input  thresholds  are  dependent  on  U 
pof-.ture  'ibis  becomes  a  serious  problem  for  example  when  devices  running  at 
‘  literature  interface  with  devices  at  another  temperature.  In  these  cases  the  nr,  if. 

:  c-gins  can  be  greatly  reduced  and  render  the  circuit  inoperable.  This  problem  is 
compounded  by  the  fact  that  ECL  circuits  dissipate  considerably  more  power  per  gam 
'ban  non-saturating  types.  Devices  with  high  dissipation  are  packaged  in  a  flat  pack 
with  a  thermal  stud.  If  the  thermal  studs  are  all  connected  to  a  common  heat  sink, 

’*  junctions  can  be  maintained  within  reasonable  limits  to  each  other. 

1  • . 1  >.  connections 

T iuse  of  the  high  speed  and  susceptibility  to  noise,  interconnections  a r- 
i  i  ode  through  terminated  transmission  lines.  One  advantage  of  ECL  eir.-  1  * 
r*'-1  at*  d  logic  is  the  capability  of  driving  matched  -  Impedance  transmit  ■  ■ 

•  ■ -'f  transmission  lines  retains  signal  integrity  over  long  distances,  t 

S  t  reoil  boards,  transmission  lines  arc  formed  in  two  ways  -  either  micro sf  : 

'•  i‘i  /.'no  techniques.  The  microstrip  is  formed  by  a  constant  width  conductor  <-r 
•  :  a  circuit  board,  with  a  ground  plane  on  the  other  side.  Stripline  is  ’ 

,  “.’layer  circuit  boards;  the  stripline  consists  of  a-constant  width  conduct 

•  •  t  ;  v’.o  ground  planes.  Interconnection  between  boards  are  made  by  the  con-p’c 

•  •'*.;*  v  •.  utputs  of  the  ECL  circuit  driving  a  twisted  pair  line  with  a  lino  receiver 

►v  ..'■I  -  'sn,i. 

•  . :  k  Distribution 

flock  Distribution  for  any  high-speed  logic  is  often  a  major  system  problem 
Either  '*'/,x»:il  cable  or  twisted  pair  line  can  be  used  to  distribute  clock  signr'.;- 
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throughout  an  ECL  system.  Clock  line  lengths  should  be  controlled  and  matched 
when  timing  is  critical.  Once  the  clocking  signals  arrive  on  card,  a  tree  distribution 
should  be  used  for  large  fan  outs  at  high  frequency. 

G. 4  New  Types  of  ECL 

In  order  to  alleviate  some  of  the  aforementioned  problems,  new  families  of 
ECL  have  recently  been  introduced.  These  new  families  offer  some  of  the  following 
advantages.  They  have  temperature  compensation;  the  logic  levels  remain  constant 
across  the  temperature  range  which  maintains  maximum  system  noise  immunity 
and  eliminates  saturation  problems.  They  have  internal  pull  down  resistors  which 
permits  point-to-point  wiring  of  up  to  eight  inches  on  single-sided  boards.  The  re¬ 
sistors  also  eliminate  oscillation  problems  and  allow  unused  inputs  to  be  left  open. 

Oa  these  newer  devices,  power  dissipation  remains  relatively  constant  over  the  fre¬ 
quency  range.  On  some  of  the  most  recent  devices,  supply  voltage  compensation 
allows  variation  in  the  supply  voltage  without  change  of  the  output  or  threshold  levels. 

6.5  Future  of  ECL 

Even  though  some  of  the  higher  speed  saturated  logic  types  such  os  Sebottky 
clamped  T2L  has  reached  into  the  ECL  speed  range,  at  the  very  highest  speeds  of 
one  nsec  rise  and  fail  times,  ECL  remains  the  dominant  type  and  probably  will  re¬ 
main  so  for  the  near  future.  With  the  advent  of  the  new  families  which  are  multi - 
sourced  as  well  as  offering  performance  advantages ,  the  use  of  ECL  should  grow 
rapidly  in  the  next  few  years. 
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Section  VII 

VENDOR  ANALYSIS  OF  LM  106  DIFFERENTIAL  COMPARATOR 

7.0  Introduction 

Twenty  LM  106  differential  comparators  were  purchased  ’’off  the  shelf"  equally 
from  two  different  vendors.  These  vendors  were  not  informed  of  the  proposed  use  of 
their  devices  nor  were  samples  selected.  All  units  were  in  standard  eight  pin  metal 
can.  The  date  codes  for  each  vendors  part  was  as  follows:  A(7130),  D(7026).  All 
units  were  tested  in  accordance  with  the  test  conditions,  procedures,  and  limits  of 
proposed  MlL-M-38510/10303  at  25°C,  -55  °C,  and  +125°C. 

Paragraphs  7. 1  and  7. 2  will  include  the  test  circuit  and  test  equipment  used  and 
the  conditions  under  which  each  test  was  performed;  in  addition,  these  paragraphs 
will  outline  some  of  the  troublesome  areas  in  testing  and  in  calculating  test  results. 

Paragraph  7. 3  will  include,  parameter  by  parameter,  results  of  testing  the 
various  samples.  The  vendors  are  listed  in  alphabetical  order  for  each  condition  and 
not  in  order  of  results.  The  test  data  is  presented  as  follows: 

a)  Vendor,  b)  Ambient  Temperature,  c>  Number  of  samples  tested, 

d)  max.  reading,  e)  min.  reading  and  f)  average  of  readings. 

Section  7.4  summarizes  the  results  obtained  on  all  tests. 

7 . 1  Test  Setup 

The  test  setup  of  Figure  7. 1  was  used  in  conjunction  with  the  switch  positions 
and  voltages  shown  in  Figure  7. 1  for  all  the  d.c.  tests. 

The  test  setup  of  Figure  7.2  was  used  for  the  response  time.  . 

a)  d.c.  supplies  -  Harrison,  various 

b)  d.c.  Voltmeter  -  Dana  5400 

c)  d.c.  Voltmeter  -  Fluke  887A 

dl  d.c.  Ammeter  -  Hewlett  Packard  425A 

e)  Temperature  Chamber  -  Wyle 

f)  Oscilloscope  -  Tektronix  585 

The  oven  temperature  was  allowed  to  stabilize  for  one  hour  with  power  applied 
to  the  unit  before  readings  were  taken.  Ambient  temperatures  were  held -to  within 
t3,C. 
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SAMPLING  SCOPE  VERTICAL  INPUT  " 


uf  m  iX'jgl 


Response  Time  Test  Circuit  and  Wave  Forms 


7.2  Analysis  of  Test  Circuit 

7.2.1  Measurement  Accuracy  Determination 

All  measurements  except  Common  Mode  Rejection  Ratio  (CMRR)  require  simple 
formula  conversions  to  yield  the  calculated  parameter.  For  two-place  accuracy  on  the 
parameter,  three  places  are  required  on  the  measurement. 


Since  CMUR  =  20  log 


10  X  10 
e6  "  E7 


E6  and  must  be  measured  to  four  place  accuracy  to  insure  two  place  accuracy  to 
CMRR. 


7.2.2 


Self-heating 


The  specification  for  VqL  at  100  ma  is  1.5V  maximum  and  at  50  ma  is  1.0V 
maximum.  Both  of  these  readings  must  be  taken  quickly  since  the  added  power  of 
150  m\v  and  50  mw  respectively  heats  the  unit  enough  to  alter  the  reading. 

i  2  i  Strobe  Test 

Test  Figure  7. 1  tests  the  strobe  on  a  go-no  go  basis.  It  insures  that  at 
r.O  volts  the  strobe  is  on  and  at  2.5V  the  strobe  is  off.  For  vendor  comparison  pur¬ 
poses  the  actual  voltages  that  turn  the  strobe  on  and  off  were  measured  instead. 

7.5  Test  Results 

7. 3. 1  Input  Offset  Voltage  (Vm) 


Specification:  ±2  mV  at  25°C,  ±3  mV  at  -55 °C  and  +125°C 

Conditions:  Rg  =  50ft  ,  Vqijt  =  1.5V 

Results: 


Vendor 

A 


Ta 

°c 

Samples 

Tested 

Max 

Min 

Avg 

+25 

10 

1.16 

0.12 

0.55 

-55 

10 

1.43 

0.02 

0.63 

+125 

10 

1.43 

0.03 

0.64 

+25 

10 

1.55 

0.08 

0.70 

-55 

10 

1.50 

0.21 

0.66 

+125 

10 

1.77 

0.16 

0.94 

7.3.2  .Input  Offset  Voltage  Temperature  Sensitivity  ( A  Vrm>p/  A  T) 

Specification:  10  pV/°C  maximum  from  +25 °C  to  -55°C  and  +25°C  to  ->125^; 

Conditions:  Rg  =  50  ft,  Vqut  =1.5  V 

Results: 


T  A(°C) 

Samples 

Tested 

Max 

Min 

Avg 

+25  to  +125 

10 

7.3 

0.2 

3.2 

+25  to  -55 

10 

4.2 

1.2 

'  2.8 

+25  to  +125 

10 

8.0 

0.8 

5.0 

+25  to  -55 

10 

9.4 

0.4 

3.1 

7.3.3  Input  Offset  Current  (1^) 

Specification:  3.0  pA  maximum  at  t25!1C,  7.0  pA  maximum  at  -55  JC, 
3.0  pA  maximum  at  •*  123*0 

Results: 


A 


TA(°C) 

Samples 

Tested 

Max 

Min 

Avg 

+25 

10 

.142 

.005 

.  053 

-55 

10 

.  163 

.009 

.072 

+125 

10 

.  120 

.000 

.057 

+25 

10 

.224 

.016 

.081 

-55 

10 

.276 

.012 

.  138 

+125 

10 

,  154 

.020 

.086 

7.3.4  Input  Offset  Current  Temperature  Sensitivity  ( A  Im/  Al^ 

Specification:  25  nA/°C  at  +25  °C  to  +125°C  and  75  nA/°C  at  +25 “C  to  -55  °C 
Results: 
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Vendor  T^(°C) 
A  +25  to 


+25  to  +125 
+25  to  -55 


Sample 

Tested 


+25  to  +125  10 

+25  to  -55  10 


is  Current  (Im) 


Specification:  20  pA  maximum  at  +25 °C  and  45  pA  maximum  at  -55°C 
and  +125  °C 

Results: 


TA(°C) 

Samples 

Tested 

Max 

Min 

Avy 

+25 

10 

7.2 

2.4 

4.b 

-55 

10 

15.3 

5.1 

10.1 

r  125 

10 

2.1 

0.6 

1.4 

Strobe  Current  dsTnanmn) 

Specification:  3,3  mA  maximum  at  +25°C,  -55°C  and  +125°C 

Conditions:  Vg'j'j^Qgg  =0,4  V,  V|p  =  -5  mV 

Results: 


Vendor  Ta(°C) 


Samples 

Tested 


7.3.7 


Common  Mode  Rejection  Ratio  (CMRR) 

Specification:  80  db  minimum  at  +25  °C,  -55  °C  and  +125°C 
Conditions:  V0UT  =  1.5  V,  VjN  (common)  =  ±5  V 
Results: 


Samples 


Vendor 

TA(°C) 

Tested 

Max 

Min 

Avg 

A 

+25 

10 

100 

88 

96 

-55 

10 

108 

87 

95 

+125 

10 

100 

91 

95 

D 

+25 

10 

120 

88 

101 

-55 

10 

114 

81 

96 

+125 

10 

120 

86 

104 

High  Output  Level  (Vnw) 

Specification:  2.5  V  minimum  to  5. 5  V  maximum  at  +25°C , 

-55  °C 

Conditions:  Vm  = 

+5  mV ,  Iqh  =  400  fiA 

Results: 

Samples 

Vendor 

Ta(°C) 

Tested 

Max 

Min 

Avg 

A 

+-25 

10 

3.93 

3.67 

3.83 

-55 

10 

3.62 

3.37 

3.54 

+125 

10 

4.23 

3.95 

4.11 

D 

+25 

10 

4.27 

3.73 

-55 

10 

3.95 

3.43 

3.71 

+125 

10 

4.58 

3.95 

7. 3. 9  Low  Output  Level  (Vr>y,) 

Specification:  1.0.  V  maximum  at  +25 °C,  -55°C  and  +125&C 
Conditions:  =  -5  mV,  Lyr  =  50  mA 


A 


TA(°C) 

Samples 

Tested 

Max 

Min 

Avg 

+25 

10 

.541 

.458 

.504 

-55 

10 

.534 

.426 

.487 

+125 

10 

.643 

.551 

.600 

+25 

10 

.579 

.453 

.516 

-55 

10 

.629 

.474 

.549 

+125 

10 

.726 

.551 

.635 

Specification:  0.4  V  maximum  at  +25°C,  -55°C  and  +125°C 

Conditions:  Vjp •=  -5  mV,  IqL  =  16  mA 

Results: 


TArc) 

Samples 

Tested 

Max 

Min 

Avg 

+25 

10 

.282 

.232 

.  259 

-55 

10 

.268 

.212 

.242 

+125 

10 

.327 

.274 

.299 

+25 

10 

.295 

.247 

.274 

-55 

10 

.307 

.241 

.268 

+125 

10 

.351 

.275 

.312 

7.3.1°  Strobe  ON  Voltage 

Specification:  0.9  V  minimum  at  +25°C,  -55°C  and  +125°C 
Results: 


TA(6C) 

Samples 

Tested 

Max 

Min 

Avg 

+25 

20 

1.35 

1.25 

1.30 

-55 

19 

2.14 

1.62 

1.70 

+125 

20 

.985 

.900 

.931 

+25 

20 

1.46 

1.37 

1.41 

-55 

20 

1.78 

1.64 

1.71 

+125 

20 

1.04 

.911 

.984 

NOTE:  Each  device  has  two  strobes;  one  strobe  from  Vendor  A 
did  not  operate  at -55°C. 
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7.3.11  Strobe  OFF  Voltage 

Specification:  2.5  V  maximum  at  +25°C,  -55°C  and  +125°C 

Conditions:  IqL  =  16  mA 

Results: 


Samples 


Vendor 

TA(°C) 

Tested 

Max 

Min 

Avg 

A 

+25 

20 

1.67 

1.60 

1.62 

-55 

19 

2.39 

1.82 

1.92 

+  125 

20 

1.33 

1.21 

1.25 

D 

+25 

20 

1.73 

1.62 

1.66 

-55 

20 

2.02 

1.81 

1.93 

•  125 

20 

1.38 

1.21 

1.30 

NOTE:  Each  device  has  two  strobes. 

7 . 3.  12  Output  Leakage  Current(Ir»pvl 

Specification:  1,0  pA  maximum  at  i25°C,  100  /xA  maximum  at 
-55°C  and  +125°C 

Conditions:  Vro  =  -t5mV,  Vqut  =  +24  v 
Results: 


Samples 


Vendor 

TA(“C) 

Tested 

Max 

Min 

Avg 

A 

+25 

10 

0.180 

0.042 

0.086 

-55 

10 

0.250 

0.115 

0.199 

+  125 

10 

93.0 

29.5 

62.8 

D 

+25 

10 

0.110 

0.048 

0.062 

-55 

10 

0.250 

0.020 

0.114 

+  125 

10 

28.0 

20.0 

24.0 

7.3.13  Positive  Supply  Current  (+InrQ 

Specification:  10  mA  maximum  at  +25  °C,  -55  °C  and  +125  °C 

Conditions:  VjD  =  -5  mV 

Results: 
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Vendor 

Ta(°C) 

Samples 

Tested 

Max 

Min 

Avg 

A 

+25 

10 

6.0 

5.4 

5.7 

-55 

10 

6.2 

5.4 

5.8 

+125 

10 

4.8 

4.3 

4.6 

D 

+25 

10 

5.6 

4.6 

5.3 

-55 

10 

5.9 

5.0 

5.6 

+125 

10 

4.6 

3.9 

4.4 

7.3.14 


Specification:  3,6  mA  maximum  at+25°C,  -55 °C,  and  +125°C 

Conditions:  Vjq  =  -5  mV 

Results: 


Samples 


Vendor 

TA(°C) 

Tested 

Max 

Min 

Avg 

A 

+25 

10 

1.5 

1.2 

1.4 

-55 

10 

1.6 

1.3 

1.5 

+125 

10 

1.0 

0.8 

0.9 

D 

+25 

10 

1.4 

1.1 

1.2 

-55 

10 

1.6 

1.3 

1.4 

+125 

10 

0.9 

0.8 

0.87 

7.3.15  Response  Time  -  Output  Saturated  Hit 
k£Y£l,(tHTHR) 


Level  to  Threshold 


Specification:  60  nsec  maximum  at  +25  °C 
Conditions:  100  mV  step,  5  mV  overdrive 
Results: 


Vendor 

Ta(°C) 

Samples 

Tested 

Max 

Min 

Avg 

A 

+25 

10 

35.0 

29.0 

32.3 

-55 

3 

27.0 

25.0 

2G.0 

+125 

10 

47.0 

40.0 

43.8 

D 

+25 

10 

35.0 

30.0 

32.6 

-50 

3 

28.0 

28.0 

28.0 

+125 

10 

44.0 

40.0 

42.6 
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[T  i 

I  f  7.4  Analysts  of  Test  Results 

f  I 

|  Vendor  A  -  All  devices  except  one  met  all  the  specifications;  one  strobe  did  not 

)  I  operate  at -55 °C.  On  two  parameters,  the  results  were  marginal.  For  Strobe  ON 

i  Voltage  at  +125  °C,  the  requirements  is  .90  volts  min.  and  the  device  read  .90  volts. 

|  l  For  output  Leakage  Current  at  +125°C,  the  requirement  is  100  ua  max. ,  and  one 

I  <  device  read  93  ua. 

X  g 

i 

!,  f 

|  j  Vendor  D  -  All  devices  met  all  the  specifications.  On  three  parameters,  the 

i  f  results  were  marginal.  For  Offset  Voltage  Temperature  Sensitivity,  the  requirement 

|  •;  from  +25aC  to  -55°C  is  10  uv/°C;  one  device  read  9.4  uv/°C.  For  Common  Mode 

I  f;  Rejection  Ratio  at  -55°C,  the  requirement  is  80  db  min. ;  one  device  read  81  db.  For 

1  I  Strobe  ON  Voltage  at  +125 °C  the  requirement  is  .90  V  min. ;  one  device  read  .91  V. 
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Section  vra 

723  REGULATOR  EFFORT 


The  rough  draft  of  MIL-M-38510/102  received  from  RADC  was  reworked  into 
a  final  format.  All  the  tables  were  redone  to  the  format  of  MEL-M-385 10/101  and 
the  figures  were  redrawn.  Major  effort  went  into  preparation  of  the  test  circuits  for 
d.c.  electrical  testing.  This  includes  a  test  schematic  and  a  complete  test  table. 
A.c.  parameters  and  test  procedures  were  added  for  voltage  and  current  transient 
response.  The  specification  can  be  found  in  the  Appendix  of  this  document. 
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Section  I>r 

MEMORY  CONSIDERATIONS 


9.0  Introduction 

The  test  problems  associated  with  semiconductor  memories  are  the  same  as 
those  of  LSI  devices  in  general.  The  major  problems  are  high  circuit  density  with 
few  access  points  and  the  exact  realization  of  the  internal  logic  circuits  that  are  un¬ 
known  or  known  at  one  point  in  time  but  changes  as  technology  advances.  Fortunately, 
the  memory  is  an  extremely  orderly  function,  and  functional  testing  of  the  devices 
should  ;*t  jvide  a  high  Testing  Confidence  Level  (TCL).  Functional  testing  no-  *  *’* 
fined  a.;  /ati-  or  at  a  repetition  rate  (dynamic)  commensurate  with  the  irnmm;.  •  •<- 
or  cyclM  time.  Unique  tests  would  be  required  that  depend  on  the  technology  used  rn 
construct  a  particular  device,  topology,  or  the  organization. 

I ,  ►,  functional  te3t  does  imply  however  that  hundreds  and  thousands  of  >r.rs 
reqiur-  :  and,  in  some  instances,  at  high  repetition  rates.  This  also  indicator  de- 
need  f;  r  automated  test  equipment  if  the  devices  are  to  be  evaluated  pcopcrU, 

The  approach  used  to  analyze  the  functional  test  problem  is  to  consider  the 
memory  as  a  "black  box"  with  smaller  Internal  black  boxes,  i.e. ,  memory  cells, 
decoders,  sense  amplifiers,  etc.  The  integrity  of  the  basic  memory  function  of  data 
storage  and  data  recovery  must  be  verified  under  various  conditions  of  supply  voltages, 
temperature,  etc.  Several  levels  of  functional  testing  and  a  variety  of  test  patterns 
to  analyze  the  memory  as  a  "black  box"  will  be  discussed: 

Pattern  Sensitivity  Testing 

,v-  mory  Pattern  Testing 

\v?J king-One- Walking-Zero  Pattern  Testing 

Gultoplug-One-GaJloping-Zero  Pattern  Testing 

-M  Pr  Recovery  Pattern  Testing 

'  ■  In  Retention  Pattern  Testing 

'i  a.,  effectiveness  of  each  test  pattern  relative  to  detecting  potential  h  ;Hs  ■ 
thr  «."-r  '  >  s,ts  required  to  perform  these  patterns  are  also  giv-i, 

9.  •  •' r'  'v  u  cnslcicrattons 


9.  •  S  -itic  Memory 

9.  ’  '  ntlc  Kurjclional  Tests 


i 

-i  1  * 


'’f ous  se(^  of  terminals  *«»\  ■>  >'j>  p'*w 
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t.  Data  Input  Terminal 

Number  of  data  input  lines  is  equal  to  the  word  length  (bits  per  wor  \ 

2.  Data  Output  Terminal 

Number  of  data  output  lines  is  equal  to  the  word  length  (bits  per  word! . 

3.  Address  Input  Terminal 

N 

Number  of  address  lines  is  equal  to  N,  where  2  equals  the  number 
of  words. 

-».  Read/Write  Terminal 

Assume  Read/Write  terminal  requires  one  control  line. 

Chip  Select  Terminal 

Assume  Chip  Select  Terminal  requires  one  control  line. 

The  RAM  performs  two  basic  functions: 

A.  Datastorage 

B.  Data  Recovery 

A.  DATA  STORAGE 


DATA 


ADDRESS 


WRITE 


4)  Tl 


•  CIITP 
ENABLED 


„i,- 1_->  ,-u.  >.-■  r.M  a£frx,\-ir»  HI  M&.  .i  ’■  ■ 


z'^’r ' 


In  the  storage  mode,  the  data  to  be  stored  is  loaded  on  the  data  input  lineg.  (1). 
The  address  lines  (3)  are  loaded  with  the  storage  location  data.  The  chip  select  input 
(5)  is  in  the  required  state  that  enables  the  device.  When  all  the  above  conditions  are 
met  the  data  can  be  written  into  its  required  location  by  the  application  of  a  write 
signal  to  the  Read/Write  input. 


B.  DATA  RECOVERY 


ADDRESS 

READ 


ENABLED 


To  recover  a  word  from  memory,  the  chip  select  input  is  set  to  the  required 
state  that  enables  the  chip;  the  read/write  input  is  set  in  the  read  mode  and  the  loca¬ 
tion  of  the  desired  word  is  loaded  on  the  address  lines.  The  desired  word  is  then 
accessible  from  the  data  output  lines  (2). 

NOTE:  If  the  chip  select  input  is  at  the  level  that  disables  the 
chip,  it  is  impossible  to  write  in  or  read  out  data  and 
the  data  output  lines  will  be  at  the  same  logic  level 
(assume  a  Logic  1). 

Tf  the  exact  configuration,  relative  placement  on  substrate,  and  the  most  pro¬ 
bable  failure  patterns  of  a  RAM  were  known,  it  would  be  relatively  easy  to  develop  a 
test  that  would  have  a  high  confidence  level  with  a  minimum  amount  of  test  vectors. 

Under  normal  circumstances,  the  above  information  is  not  available.  Even  if 
this  information  were  known  for  a  particular  RAM,  at  some  time,  a  change  by  the 
manufacturer  in  his  processes,  layout,  or  circuit  design  (Variable  factors  of  produc¬ 
tion)  would  reduce  the  confidence  level  previously  obtained.  If  it  is  assumed  that  the 
devices  used  are  to  be  functionally  specified,  it  is  more  than  likely  that  the  same 
manufacturer,  at  different  times,  and  different  manufacturers  will  have  different 
variable  factors  of  production.  It  is  impossible,  under  the  above  conditions,  to  ob¬ 
tain  an  optimized  set  of  test  vectors  based  on  the  factors  of  one  configuration  that  will 
guarantee  a  high  confidence  level  on  all  other  configurations. 

122 


Based  on  the  above,  various  approaches  to  testing  might  be  considered,  the 
most  stringent  being  pattern  sensitivity  testing. 

+  Pattern  sensitivity,  a  relatively  new  term  to  semiconductor  people,  is 
not  necessarily  related  to  memories  but  to  LSI,  and  memories  happen 
to  be  of  the  first  LSI  forms  available.  Pattern  sensitivity  is  the  sensi¬ 
tivity  to  data  or  address  patterns  that  cause  device  malfunction.  Pattern 
sensitivity  is  caused  by  unique  circumstances  or  combinations  of  events 
that  cause  parameter(s)  to  shift  to  extreme  values.  These  results  of 
the  circumstances  could  yield  electric  fields,  hot  spots  due  to  power 
dissipation,  or  cumulative  charge  on  a  line  due  to  a  long  sequence  of 
ones  or  zeroes.  Each  memory  design  will  exhibit  unique  pattern  sensi¬ 
tivities  and  the  same  design  using  two  different  processes  could  yield 
different  pattern  sensitivities.  Also,  the  same  supplier  can  cause  many 
variations  of  sensitivities  due  to  normal  processing  tolerances. 

To  perform  this  type  of  testing  on  a  functionally  specified  memory,  an  indeter¬ 
minate  number  ( oo  )  of  test  vectors  would  be  required. 

Another  level  of  testing  would  be  memory  pattern  testing.  The  objective  of  this 
type  of  testing  is  to  check  that  all  possible  bit  patterns  are  obtainable  and  would  show 
complete  static  independence  of  each  bit. 


In  order  to  derive  an  equation  for  the  number  of  test  vectors*  required  for 
testing  a  W  x  Bw  (Number  of  Words  X  Number  of  Bits  per  Word)  RAM  using  memory 
pattern  testing,  a  2  X  2  RAM  will  be  evaluated. 


h — Bw — *“ 


** 


*  A  Vector  is  a  pattern  of  l's  and  0's  that  contains  the  required 

Information  to  either  Write  in  a  Data  Word  or  Read  out  a  Data  Word. 

**  These  diagrams  are  pictorial  descriptions  of  the  contents  of  the 
memory  and  are  not  an  attempt  to  describe  organization, 

Lauffer,  Don  and  Lim,  Peng:  "A  User's  Look  at  MOS-RAMS  for 
Main  Frame  Memory"  IEEE  71  International  Convention  Digest, 
March  1971. 
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TK  number  of  bit  paMei  ns  pi  jt-iblo  it,  2 
2  ^  !  4  =  16 


W  X  Bw 


which  for  a  2  X  2  RAM  equal  <- 
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The  number  of  test  vectors  required  to  write  in  data  for  the  entire  test  is: 
Z  =  (W  -  1)  Z  =  (W  -  1) 


I 


J 

Z  =--0 


2  W  x 


A  2  Bw  (W  -  Z) 


Z  =  0 

rh-1  number  of  test  vectors  required  to  read  out  data  for  the  entire  test  i< 


2WxBwf:W 

M'berof"«ro,  the  total  number  of  test  vectors  (Vj.)  required  to  tost  a  <’<  •  - 
'i'  in  ■  V*  vectors  required  to  check  out  the  Chip  Select  Terminal)  is: 

V  -  2W  *  Bw  x  w  Y  <W  ’  ’’  2WxBw 

'  L  I28”)  z 

z  -  0 


124 


To  emphasize  the  impracticability  of  this  type  of  testing,  a  32  word  x  5  bit  ari\t\ 
would  require  a 

,00  Z  =  31 

Vt  =  (2128  x  32)  +  y~* 

Z  =  0 


(2128)  40 

-i= - *-  =  1. 124  x  10 

(2 4  )  Z 


20 

If  the  tests  were  run  at  1M  Hz,  it  would  take  approximately  3.5G2  x  id  years 
to  complete  the  tests. 


Since  the  above  approaches  are  impractical,  the  Walking-One-Walking-Zero 
method  of  testing  will  be  used  as  a  baseline  for  further  study. 

The  objective  of  Walking-One-Walking-Zero  Pattern  testing  (Writing  a  One  in  a 
field  of  Zeroes  and  a  Zero  in  a  field  of  Ones)  is  to  show  the  independence  of  each  bit 
in  both  the  zero  and  one  state  with  respect  to  all  other  bits  which  are  in  the  comple¬ 
ment  state. 

hi  or  der  to  derive  an  equation  for  the  number  of  test  vectors  required  for  testing 
s  %  I  i.  (Number  of  Words  x  Number  of  Bits  per  Word)  RAM,  a  3  >:  ;  HA.*!  !  e 

i  vrfliuUyJ, 


1.  Determine  that  the  entire  memory  can  be  loaded  with  all  "0,Ms. 


^ _ n 

*  w 

' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A.  3  Vectors  required  to  write  in  data 

B.  3  Vectors  are  required  to  read  out  data 

W  +  W 

(Write  In)  (Read  Out) 

Data  Data 

II.  Determine  that  a  single  location  in  memory  can  be  uniquely  loaded  with  a  "1". 


1 

0 

0 

0 

0 

0 

0 

0 

0 
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A.  1  Vector  is  required  to  write  in  data. 

B.  3  Vectors  are  required  to  read  out  data. 


III.  Determine  that  the  next  location  can  be  uniquely  loaded  with  a  *'1" 


0 

1 

0 

0 

0 

0 

0 

0 

0 

A.  1  Vector  required  to  write  in  data 

B.  3  Vectors  required  to  read  out  data 

IV.  Determine  that  the  next  location  can  be  uniquely  loaded  with  a  "1" 


o 

_ 

o 

_ 

0 

0 

o 

0 

0 

0 

A .  1  Vector  required  to  write  in  data 

B.  3  Vectors  required  to  read  out  data 

V.  Determine  that  the  next  location  can  be  uniquely  loaded  with  a  "1" 


0 

0 

0 

1 

0 

0 

0 

0 

0 

A.  2  Vectors  required  to  write  in  data 

B.  3  vectors  required  to  read  out  data 

VI  thru  X,  Continue  above  procedure  until  a  "1"  has  been  walked  through  the  entire 
memory. 
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The  total  tuunber  of  vectors  required  for  steps  I  thru  X  is: 

2W  +  WB  (W  +  1)  +  W-  1 
w 

3W  +  WBw  (W  +  1)  -  1 

For  steps  XI  thru  XX  the  same  procedure  as  steps  I  thru  X  except  a  "0"  is 
walked  thru  a  field  of  ones. 

The  total  number  of  vectors  (V)  required  for  steps  I  thru  XX  is: 

V  =  2  [aw  +  WBw  (W  +  1)  -  l] 

V  =  6W  +  2WBw  (W  +  1)  -  2 
Since  W  x  Bw  =  total  number  of  bits  (Bj.) 

V  =  2Bt  (W  +  1)  +  6W  -  2 

a  Determine  that  chip  select  is  operable 


0 

0 

0 

0 

0 

0 

0 

0 

0 

3  Vectors  required  to  write  in  data 

With  chip  disabled  and  in  the  read  mode ,  3  vectors  are  required  to 
read  a  logic  1  on  each  data  output  line  for  each  address. 

With  Chip  disabled,  in  the  Write  mode  and  data  input  lines  at  a 
Logic  1  it  requires  3  Vectors  to  attempt  to  Write  in  a  Logic  1 
in  each  memory  location. 

With  Chip  enabled  and  in  the  Read  mode ,  it  requires  3  Vectors 
to  ensure  that  a  Logic  0  is  in  every  memory  location. 


w  +  w  +  w  +  w 


=  4  W 


(Write  In) 
Data 


(Read  Out) 
Data 


The  total  number  of  Test  Vectors  (Vj)  required  with  tills  test  approach  is- 
Vfc  =  2  Bfc  (W  +  1)  +  10  W  -  2 

Using  the  same  32  x  4  bit  RAM  as  an  example,  8,254  test  vectors  are  required. 

Testing  at  a  1  M  Hz  rate,  it  would  trike  8.25  milliseconds  of  test  time. 

9. 1. 1.2  Dynamic  Functional  Tests 

A  Walking-one-Walking-zero  method  of  testing  was  developed  and  has  been  dis¬ 
cussed.  The  objective  was  to  show  the  independence  of  each  bit  in  both  the  zero  and 
one  state  with  respect  to  all  other  bits  which  are  in  the  complement  state.  Dynamic 
Functional  tests  considerations  were  not  previously  discussed. 

One  of  the  most  important  test  considerations  for  a  RAM  is  its  access  time. 
Access  time  is  the  time  required  in  a  read  cycle  to  guarantee  valid  output  data  after 
its  respective  address  is  stabilized.  The  access  time  in  one  cycle  is  affected  by  the 
previous  cycle  and  the  data  pattern  stored  in  the  memory.  A  different  effect  will  lx: 
obtained  depending  on  whether  the  previous  cycle  was  a  read  or  write. 

In  order  to  test  access  time  adequately,  it  is  necessary  to  check  all  possible 
i-idress  transitions  (addressing)  from  a  read  cycle  to  a  read  cycle,  and  ail  yosv.r , 
address  transitions  from  a  write  cycle  to  a  read  cycle. 

A  program  that  fulfills  the  first  requirement  above  would  be  as  follows: 

1.  Write  a  pattern  of  all  zeroes  into  all  memory  locations. 

2.  Write  a  pattern  of  all  ones  into  word  location  one. 

3.  Read  word  two 

4.  Read  word  one 

5.  Read  word  three 

(>.  Read  v/ord  one. 

After  every  pair  of  translations  is  checked: 

1.  Write  a  pattern  of  all  zeroes  into  word  location  one. 

2.  Write  a  pattern  of  all  ones  into  word  location  two. 

3.  The  previous  sequence  is  repeated  by  checking  all  transitions 
with  the  second  word. 

The  above  procedure  would  be  repeated  for  the  entire  memory.  The  patterns 
would  then  be  reversed  and  the  entire  procedure  is  repeated.  Macrodata  Company 
has  developed  a  program  that  implements  the  above  and  has  named  it  Galloping  Ones 
and  Zeroes. 
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fn  order  to  fulfill  the  second  requirement  for  testing  access  time,  a  program 
such  as  the  tollowing  is  used. 

X.  Write  a  pattern  of  all  zeroes  into  the  entire  memory. 

2.  Write  a  pattern  of  all  ones  into  the  second  word  location. 

3.  Read  the  first  word. 

4.  Write  a  pattern  of  all  zeroes  into  the  second  word  location. 

5.  Read  the  first  word. 

<>.  Write  a  pattern  of  all  ones  into  the  third  word  location. 

7.  Read  the  first  word. 

Repeat  this  procedure  until  the  entire  memory  is  checked.  The  entire  procedure 
is  then  repeated  with  the  patterns  reversed.  This  program  tests  for  write  recovery. 

By  performing  a  walking-one-walking-zero  pattern,  galloping-one-galloping- 
zero  pattern,  and  a  write  recovery  pattern,  a  comprehensive  functional  check  of  a 
static  RAM  is  attained.  This  combination  of  test  patterns  performs  an  excellent 
check  for  bit  independence,  access  time,  write  recovery,  and  addressing. 

T.'k  number  of  test  vectors  required  for  each  of  the  above  patterns  is  as  ('A'  - .  s. 


Walking-one-Walking-Zero 
Galloping-one-Galloping-Zero 
Write  Recovery 


2  Bt  (W  +  1)  +  10W  -  2 
4W2  +  4W  +  3 
6W2  +  4W  +  4 


9.1.2 


Dynamic  Memor\ 


The  test  considerations  discussed  previously  apply  io  dynamic  memories  as  well . 
Additional  test  considerations  must  be  made  since  dynamic  memories  use  capacitor 
storage.  This  technique  of  storage  has  a  time  constant  associated  with  it  in  which 
the  stored  data  (charge)  decays.  Therefore,  the  data  must  be  updated  or  refreshed 
at  a  rate  commensurate  with  the  associated  time  constant  or  the  data  would  be  lost. 


As  an  example,  the  1103  memory  cells  are  dynamic  and  require  periodic  data 
refreshing.  This  is  accomplished  by  cycling  through  (Read  Cycle)  the  32  addresses 
of  the  Ao  through  A4  inputs  at  least  every  2  milliseconds.  Only  32  addresses  are  re¬ 
quired  because  the  1024  bit  memory  is  arranged  in  a  32  x  32  bit  matrix  and  a  com¬ 
plete  row  is  refreshed  at  one  time.  The  1103  memory  is  organized  as  a  1024X1  for 
normal  operation  and  as  a  32  x  32  for  refresh. 

A  test  for  verifying  the  circuit  time  constants  or  data  retention  could  be  imple¬ 
mented  in  the  following  manner.  Write  a  test  pattern,  (this  pattern  is  chosen  to  mini 
mize  the  data  output  signal) ,  wait  maximum  delay  time  (refresh  time),  read  to  verify 
data  pattern,  write  test  pattern  complement,  wait  refresh  time,  read  to  verify  test 
pattern  complement,  etc. 
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In  general,  a  set  of  test  patterns  that  will  provide  a  comprehensive  functional 
test  for  a  dynamic  memory  are: 

1.  Walking-one-Walking-zero  Pattern 

2.  Galloping-one-Galloping-zero  Pattern 

3.  Write  Recovery  Pattern 

4.  Data  Retention  Pattern 

9.2  ROM  Test  Considerations 
9.2.1  Masked  Generated 


Remove  the  write  capability  from  a  RAM  and  you  create  a  ROM.  However,  it  is 
still  a  random  access  device,  because  the  access  time  is  independent  of  data  location. 

There  are  two  functional  test  requirements  for  a  custom-masked  ROM.  One  is 
obvious  and  that  is  to  verify  the  proper  stored  data  at  the  respective  address  (location). 
The  second  is  a  test  for  Access  Time.  This  test  is  essentially  the  same  as  indicated 
for  the  RAM  and  would  be  implemented  as  follows: 


Read  location  2 


If 

If 

If 

It 


"  1 
"  3 

”  1 
"  4 


then 


Read  location  1  etc. 


Read  location  1 


ft 

It 

IT 

II 


"  2 
"  3 

"  2 
4 


It 


Read  location  2  etc. 

Continue  the  above  sequence  of  testing  throughout  the  entire  memory.  The  number  of 
test  vectors  required  for  the  above  pattern  is  2W2. 


9.2.2 


Field  Generated  PROM 


Electrically  alterable  or  field-programmable  ROM's  commonly  called  Program¬ 
mable  Read  Only  Memories  (PROM's)  once  programmed  have  the  same  functional  test 
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requirements  as  the  factory  masked  generated  ROM,  i.e. ,  pattern  integrity  and 
access  time. 

However,  PROM's  have  a  unique  testing  problem  in  that  when  they  are  unpro¬ 
grammed,  all  outputs  are  in  one  state  regardless  of  address.  Therefore,  testing  does 
not  detect  many  faults  in  the  internal  circuitry  such  as  decoders,  memory  array,  and 
sense  amplifiers. 

It  is  recommended  that  adding  an  extra  bit  to  each  word  for  testing  purposes ,  is 
an  excellent  way  to  provide  for  functional  and  dynamic  testing.  A  64  word,  8  bit 
memory  would  be  expanded  to  64  words  by  9  bits.  This  extra  bit  used  properly  would 
provide  a  high  confidence  that  the  internal  circuitry  is  functioning  and  a  sampling  that 
the  links  can  be  blown. 

A  recommended  comprehensive  test  utilizing  the  extra  bit  would  be  as  follows: 

.  Read  all  word  locations 
.  Program  extra  bit  in  LOCATION  1 
.  Read  location  1 

.  Read  location  2 

.  Read  location  1 

.  Read  location  3 

.  Read  location  1 

etc.  throughout  the  memory 

.  Program  extra  bit  in  LOCATION  2 
.  Read  location  2 

.  Read  location  1 

.  Read  location  2 

.  Read  location  3 

.  Read  location  2 

.  Read  location  4 

.  Read  location  2 

etc.  throughout  the  memory 

,  Program  extra  bit  in  LOCATION  3 

etc.  throughout  the  memory 

The  entire  above  sequence  would  require 

2<w*  +  W)  test  steps 

Reading  the  entire  memory  will  show  that  all  outputs  are  zero.  Addressing  the 
first  location,  programming  the  extra  bit,  and  then  verifying  it  (Read  location  1)  will 
show  that  a  location  was  programmed.  Reading  the  remainder  of  the  memory  in  the 
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above  sequence  at  a  specific  repetition  rate  will  check  the  addressing  and  access  time 
.•elative  to  location  1  and  that  no  other  bit  was  programmed. 

Addressing  the  second  location,  Programming  the  extra  bit  and  verifying  it 
(Read  location  2)  will  show  that  a  second  location  (in  sequence)  was  Programmed. 
Reading  the  remainder  of  the  memory  will  verify  again  access  time,  addressing  and 
that  no  other  bit  was  programmed. 

When  the  entire  memory  has  been  gone  through  in  this  fashion,  all  the  previous 
tests  become  meaningful  in  that  it  proves  the  correct  number  of  unique  locations  exist. 

A  second  alternative,  which  would  not  be  as  complete  a  test,  would  be  to  have 
the  vendor  program  a  specific  pattern  utilizing  the  extra  bits.  The  object  of  the 
pattern  would  be  to  detect  a  fault  at  any  of  the  address  lines,  and  again  a  sampling 
that  the  links  can  be  blown. 

Obviously,  variations  of  the  above  tests  will  provide  for  different  confidence 

levels. 

To  determine  that  chip  select  is  operable,  the  chip  would  be  disabled  and  the 
entire  memory  would  be  read  ensuring  that  the  output  lines  were  in  the  proper  state. 
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Section  X 

MSI/LSI  TEST  CONSIDERATIONS 


10.0  Introduction 


MSI/LSI  devices  will  require  tests  similar  to  those  performed  on  the  present 
SSI  devices:  input  leakage  current,  input  threshold  levels,  output  voltage  levels,  and 
propagation  delay.  However,  these  new  devices  with  their  increased  complexity, 
number  of  gates ,  and  memory  elements  present  test  problems  of  a  different  nature. 


j 

i 


I 


£ 


The  functional  level  at  which  component  procurement  testing  must  be  done  will 
be  much  higher  than  the  present.  The  greater  complexity  of  the  devices  result  in 
more  possible  failure  modes.  Consequently,  the  complexity  of  the  test  procedures 
necessary  to  guarantee  the  integrity  of  the  component  will  be  radically  increased. 
Furthermore  the  fact  that  large  portions  of  the  circuitry  of  each  device  will  bo 
"buried"  within  its  package  without  direct  access  terminals  raises  fundamental  ques¬ 
tions  about  the  very  existence  of  a  means  of  testing  it. 

What  complicates  the  problem  further  is  that  multiple  sources  supply  identical 
functions  of  different  designs.  For  any  given  state  table  or  Boolean  equation  t’ni  re  m 
a  large  number  of  possible  circuit  realizations  which  are  functionally  equivalent,  some 
of  them  differing  quite  markedly  from  one  another  in  types,  numbers  and  interconnec¬ 
tions  of  logic  circuit  elements. 


Based  on  the  above  indicated  problems  it  is  recommended  that  for  an  MSI/'  L SI 
device  a  logic  flow  diagram  depicting  the  exact  realization  of  th-'  internal  circultn-  be 
part  of  the  device  specification. 


With  a  logic  flow  diagram(s)  for  a  specific  function  an  economical  approach 
functional  testing  can  be  established.  The  method  of  functional  testing  which 
gained  widest  acceptance  in  the  IC  industry  is  vector  testing.  A  "Vector"  b-  •  •’ 

of  ones  and  zeroes  that  contains  input  and  output  information  for  the  device  m"<  r  test. 
The  input  portion  of  the  Vector  is  applied  to  the  device  and  the  output  portion  \-  com¬ 
pared  with  the  outputs  of  the  device.  There  are  many  available  Vector  Testa  •  v.  lih 
various  options  available  such  that  implementation  of  such  a  test  technique  is  :  .'-up  ■ 

a  problem. 

Another  vector  test  method  advertised  is  presenting  all  combination  of  i  ;  - 

(2n1  and  comparing  the  outputs  of  the  device  under  test  (DUT)  with  a  known  go  *.i  *!*• 
vice.  There  are  many  fallacies  with  this  method,  the  two  most  obvious  is  2*NJ  can 
become  too  large,  and  the  method  falls  apart  when  testing  sequential  circuits.  This 
test  technique  has  application  for  combinational  circuits  with  a  relatively  small  mm- 
•  r  of  inputs. 
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The  problem  has  now  been  reduced  to  the  determination  of  the  test  ver  ^r  set 
for  a  specific  logic  network.  Before  this  can  be  accomplished,  some  rati  male  as  to 
the  potential  failure  modes  and  how  they  may  be  detected  must  be  realized. 

Analyzing  the  problem  from  a  circuit  stand  point,  one  question  to  be  answered 
is,  "How  in  an  MSI/LSI  device  does  a  buried  standard  electrical  fault  (high  leakage, 
high  saturation  voltage,  voltage  breakdown,  etc.)  manifest  itself?" 

Generally,  no  topology  information  is  available,  i.e. ,  how  a  gate  is  actually 
designed, -the  exact  metalization  runs,  or  placement  of  the  gates  (circuits)  on  the  sub¬ 
strate.  Usually  a  gate  level  mechanization  (logic  flow  diagram)  is  published  for  an 
MSI/LSI  device.  Since  this  is  the  case,  the  question  now  becomes,  "How  do  the 
standard  electrical  faults  manifest  themselves  as  faults  at  the  gate  level?"  For  any 
particular  logic  network  under  known  conditions,  one  can  assign  a  logic  1  or  0  state 
to  every  node  within  the  network  for  every  set  of  input  conditions.  If  a  specific  node 
should  be  a  1  and  the  remainder  of  the  network  responds  accordingly,  then  it  is  a  1. 

If  the  remainder  of  the  network  responds  as  if  it  were  a  0  then  a  fault  exists  somewhere. 
In  this  manner  detection  of  a  fault  is  accomplished.  Since  all  nodes  are  not  accessi¬ 
ble,  all  faults  must  be  detected  via  the  accessible  nodes  or  pins  of  a  device.  It  appears 
then  that  if  a  fault  occurs  it  will  manifest  itself  as  a  logic  "state"  error. 

The  next  step  is  to  analyze  the  device  at  the  gate  level  under  known  input/ output 
conditions.  Determine  what  potential  faults  would  cause  the' wrong  logic  state  at  any 
specific  node.  The  potential  faults  are: 

1.  Open  nodes 

2.  Nodes  shorted  to  a  voltage  that  is  interpreted  as  a  logic  0. 

3.  Nodes  shorted  to  a  voltage  that  is  interpreted  as  a  logic  1 . 

4.  Node  to  Node  shorts. 

The  above  faults,  with  the  exception  of  the  Node  to  Node  fault  always  manifests 
itself  as  being  stuck  at  a  1  or  a  0.  The  node  to  node  short  may  took  like  a  "stuck  at" 
fault,  but  in  order  to  test  for  all  Node  to  Node  shorts  2N  (where  N  equals  the  number 
of  inputs  to  a  network)  number  of  test  vectors  would  be  required  for  combinational 
networks  and  an  even  larger  number  of  vectors  for  sequential  networks. 

If  the  majority  of  the  potential  node  to  node  faults  manifest  themselves  ns  a 
"stuck  at"  fault  then  there  exists  a  high  probability  that  these  faults  will  b<»  detected 
with  a  "stuck  at"  test. 

It  is  implied  that  if  a  test  can  be  implemented  that  will  check  each  node  in  the 
network  for  a  "stuck  at"  condition  then  a  high  testing  confidence  level  ran  be  attained. 
This  approach  to  testing  has  gained  wide  acceptance  In  industry  as  being  effective  and 
economically  feasible.  Basically,  the  objective  of  developing  n  "stuck  ai"  tost  for  a 
particular  node  is  as  follows: 


134 


1.  Select  a  node. 

2.  Sensitize  a  path  from  the  input  pins  of  the  network  to  the  output  pins  of 
the  network.  In  other  words  determine  a  set  of  input  conditions  such  that 
at  least  one  output  is  dependent  upon  the  logic  state  of  the  node  selected. 

3.  Specify  whether  checking  for  stuck  at  a  1  or  0  (assume  stuck  at  0). 

4„  Set  input  conditions  for  a  logic  1  at  selected  node. 

5.  Check  output  to  see  if  the  selected  node  is  stuck  at  a  0. 

6.  Repeat  above  to  check  for  a  stuck  at  1  condition. 

The  entire  network  would  be  gone  through  in  the  above  fashion  in  order  to  design 
a  complete  "Stuck  at  1",  "Stuck  at  0"  test. 

The  problem  now  is  how  to  generate  the  above  sequence  of  tests  for  MSI/LSI 
logic  networks. 

10. 1  Automatic  Test  Generation 


Currently  there  are  three  options  available  for  designing  a  test  procedure  for 
logic  networks.  They  are: 

1)  Manual  design  and  verification  of  the  Test  Vector  Set 

2)  Manual  design  of  Test  Vector  Set  with  computer  aided  verification, 
via  a  fault  simulation  program 

3)  Automatic  Test  Vector  Generation  by  computer  program. 

The  first  option  rapidly  becomes  economically  impractical  and  unreliable  due 
to  human  error.  Therefore  computer  aids  such  as  those  mentioned  in  options  2  and 
3  are  becoming  a  must. 

The  computer  program  used  at  GEOS  to  generate  the  "stuck  at"  tests  is  the 
Automatic  Test  Vector  Generation  (ATVG)  program.  The  program  was  used  to 
evaluate  the  934-X  (4  by  2  multiplier),  9341-54181  Arithmetic  Logic  Unit  (ALU)  and 
the  2  bit  and  4  bit  Full  Adders  under  this  contract.  The  detailed  evaluation  of  these 
devices  will  be  discussed  later  and  a  brief  discussion  of  the  program  follows. 

The  ATVG  Program  is  a  combination  of  Options  2  and  3  in  that  is  generates  test 
vectors  and  has  a  fault  simulation  option.  The  test  vector  set  is  generated  to  test  for 
a  failure  condition  of  "stuck  at  1"  or  "stuck  at  0"  of  every  possible  lead  of  the  net¬ 
work.  It  is  assumed  that  only  a  single  failure  is  present  at  any  one  time. 

For  test  vector  generation,  the  following  inputs  are  required: 

1)  Module  description  file  -  description  of  the  logic  elements  in  the 
network 
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'  V'  -Jule  location  file  -  location  of  tl*'1  -dements  in  the  netur  rk 

3'  1  n  'connection  file  -  interconnection  of  the  elements  in  the  no*  .ork. 

For  the  fault  simulation  option,  an  additional  Itpul  of  a  vector  set  would  o-j  ••in¬ 
quired. 

The  typical  way  the  program  was  used  is  best  described  by  the  evaluation  of  two 
alternate  mechanizations  (Vendors  E  and  D)  of  the  4  bit  full  adder. 

1)  Generate  the  card  decks  for  both  network  mechanizations  of  the  adder. 

2)  Input  the  ATVG  with  one  mechanization  (Vendor  E)  for  vector  generation. 
Obtain  test  vector  set. 

I'sing  the  fault  simulation  and  vector  generation  option,  the  pr*<g*  ■  •• 
inputted  to  evaluate  the  effectiveness  of  the  Vendor  E  vector  sot  i  * 
Vendor  D  mechanization  and  to  generate  vectors  for  anv  tests  no* 
a*— omplished. 

1  point  a  set  of  test  vectors  has  been  generated  that  provides  '"or  u  ■(’•• 
perrt<'?»'  '!  “stirg  Confidence  Level  (TCL*)  for  both  mechanizations  of  the  adder 

V  i=  not  intended  to  imply  that  programs  like  the  ATVG  program  is  o  z-ro-  ■ 
and  cat!  be  used  blindly.  It  is  an  excellent  engineering  tool  and  with  it,  effort iv" 
economical  function  tests  can  be  generated. 

10.2  Functional  Testing  of  the  4  X  2  Multiplier 

The  934  X  chip.  Figure  10. 1,  is  an  LSI  array  of  93  gates  designed  by  v-nd  *  ' 
us  s  ’ncr  l’:.  ol.-r  Micromoram  TM  concept.  The  basic  chip  is  deit  ■••o’  ,  . 

I.  -milUplics  a  4  bit  number  X  by  a  2  bit  number  V  '«nd  •  •  1 
number  K  and  al«o  a  2  bit  number  M  to  the  produo*  '  f  •  ’ 
bit 


S  :3  <X)(Y)  t  M  +  K 

v  id  K  have  a  range  of  0  to  15 
•  ■  V-  have  a  range  of  0  to  3 

•  rs»  <  ase  this  generates  (15)  (3)  +  15+3-53 
•'■quires  a  r,  hit  output 

.  i  lire®  Vc  inputs  .md  0  outputs 


*i  * .  *  ■'  r 


nrt  j>  3";  si*.  ■;  !  *yf<;  Tirr  '  •  -  '  .  V!i  •  i'<  »" 

nun  r*f  g  do  pin-  ['*•!=  ■  -'*rr'*  •*  -»■ 


1.36 


;  ^  ?-<  -J  ■*  «. 
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Two  sots  of  test  vectors  were  generated,  one  manually  and  one  using  the 
Automatic  Test  Vector  Generation  (ATVG)  program. 

The  criteria  used  to  generate  the  tests  manually  was  to  put  at  least  one  "0"  and 
’’l"  on  all  inputs  and  outputs  based  on  the  function.  In  addition,  multiplication  by  zero 
and  the  maximum  product  was  checked.  The  total  number  of  test  vectors  required  to 
perform  the  above  was  21.  Five  chips  were  tested  successfully  using  these  vectors. 

The  second  set  of  test  vectors  was  generated  by  the  ATVG  program.  The  set 
consisted  of  twenty-six  vectors.  The  five  chips  were  retested  successfully. 


Three  tests  were  listed  in  the  "Test  Not  Accomplished  List"  of  the  ATVG  out¬ 
put.  The  three  not  possible  were  three  inputs  to  two  AND  gates  (gates  23  and  39). 

In  order  to  test  these  iiputs,  a  logic  0  has  to  be  present  on  the  input  under  test  while 
all  other  inputs  of  that  respective  gate  are  held  at  Logic  1.  It  was  noted  that  if  any 
of  the  untested  inputs  were  at  a  Logic  "0",  another  input  of  its  respective  gate  was 
also  at  a  Logic  "0".  See  Note  1. 

Therefore  these  inputs  can  not  be  tested  as  separate  entities.  In  other  words, 
if  an  "opf-n"  occurs  at  these  inputs,  no  malfunction  occurs.  However,  if  a  "short" 
occurs,  a  fault  will  be  detected  at  the  output. 

Based  on  the  ATVG  testing  criteria,  there  are  341  tests  that  should  be  per¬ 
formed  to  check  the  93  gates  in  the  device.  Since  the  three  tests  not  accomplished 
are  irrelevant  to  the  function  of  the  device,  the  Testing  Confidence  Level  (TCL)  will 
i)o  based  on  338  tests  required. 

TCL  =  x  100  pcrcent 

Tests  Required  r 

The  following  is  a  summary  of  TCL's  and  approximate  costs  in  comparing  the 
two  sets  of  test  vectors  generated. 

TCL  Man  hours  Computer  Time 


Manual  Set 


75 

percent* 


ATVGSet 


100 

percent* 


kThe  Fault  "Simulation  Option"  (See  Note  2)  of  the  ATVG  program 
was  used  to  determine  the  effectiveness  of  the  manually  generated 
test  vectors.  It  must  be  noted  that  the  TCL  was  unknown  until 
this  was  done  and  the  cost  to  determine  the  TCL  is  not  included 
in  the  eight  hours. 
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If  an  attempt  were  made  to  generate  the  test  vectors,  fault  dictionary  and  docu¬ 
mentation  equivalent  to  that  provided  by  the  ATVG  program,  it  is  estimated  that  one 
(1)  man-month  of  engineering  effort  would  be  required. 

NOTE  1:  The  Boolean  equation  for  the  untested  inputs  are: 

Inputs  1  and  2  =  +  jfj.  +  (X^A  )(Xpj) 

Input  3  =  Y|j  +  Y^  +  (X^AKX^B)  +  (X^A)(X^B) 

Another  input  that  is  common  to  the  two  AND  gates  has  a  Boolean  equation 
as  follows: 

Input  4  =  (Y^  +  5^)  TQ  +  (X^A)(X^B) 

In  order  to  test  inputs  1  and  2,  it  is  necessary  to  hold  the  input  under 
test  at  a  logic  "0"  and  all  other  inputs,  of  that  respective  gate,  at  a 
Logic  1. 

For  inputs  1  and  2  to  be  a  Logic  0,  the  following  conditions  must  exist: 

Y0  =  1 

Yi  =  1 

X1  -  1 

X2A  or  X2B  =  1 

When  Yj  and  X^  are  at  a  Logic  *’1",  input  4  is  at  a  Logic  0.  Therefore, 
inputs  1  and  2  cannot  be  tested. 

Whenever  input  3  is  at  a  Logic  0  the  following  conditions  must  exist: 


XgA  or  XgB  =  1 
XgA  or  X3B  =  1 

When  Yq  and  XgA  or  XgB  are  at  a  Logic  "l’’  input  4  is  at  a  Logic  0. 
Therefore,  input  3  cannot  be  tested. 
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'  T  J  FAULT  SIMVL'  ,,  ;>N  OPT>ov 

Using  this  option,  the  Vector  Generation  phase  of  the  ATVG  pr-*prnni  i  * 
inhibited.  The  manually  generated  Input  vectors  are  Inputted  in  a 
specific  format  and  a  fault  simulation  of  the  vector  takes  place.  When 
the  end  of  the  file  is  reached,  a  dictionary  is  printed.  This  option  is 
used  to  determine  the  integrity  of  the  manually  generated  vectors. 

10. 3  Functional  Testing  of  the  9341-54181  Arithmetic  Logic  Unit 

The  Vendor  B/zA  9341,  Figure  10.2,  and  Vendor  E  SN  54181  are  four  bit,  high 
speed,  Arithmetic  Logic  Units  (ALU).  These  Chips  perform  all  10  logic  operations 
t ,  c  i  -iiiides  plus  a  variety  of  arithmetic  operations,  the  most  important  bed  /  . 
a  •!  led  subtract. 


Four  mode  select  lines  and  an  active  low  carry  enable  line  control  oper  -to- 
h*  nb-rnal  carries  enabled  arithmetic  operations  are  performed,  vhk-i  ok- 
•  -p vri.‘ioiis  tire  performed.  The  arithmetic  operations  are  perform  i  i  a  i  . 
i*>  ’vh.rC!(i;  logic  operations  are  on  a  b.t  basis. 

A  ^ign-.l  is  provided  from  the  ALU  which  indicates  logic  equivalence  to<  > 
id  is  v  hen  lue  unit  is  in  the  subtract  mode.  This  signal  can  be  used  together  wth  th«> 
carry  um  signal  to  indicate  A  >  B  or  A  «  B. 

Vendor  B  and  E's  ALU's,  although  identical  in  function,  have  slightly  different 
logic  flow  diagrams.  Therefore,  two  sets  of  tost  vectors  were  generated. 

Ti  fi'-st  «ffct  of  vectors  generated  was  for  the  Vendor  E  ALU.  Based  -.»«  U« 
o  •  u  ig  ‘  ■deria*  of  the  ATVG  Program,  there  are  282  tests  that  should  b<>  ,*■;  •  '  >  • 

<  '  all  gales  completely.  Due  to  module  configuration,  eight  of  the  2'.  I  it  ■ 

••  -  ”Mci  ti  perform.  Since  the  eight  tests  not  possible  are  irrelevant  f.<  !:  -  cc* 

•*,  on";  214  tests  are  required.  The  ATVG  Program  generated  31  vectors  1 
■  t :  olud  20$  tests  (six  tests  not  a<  <  ero;  dished).  This  represents  a  *•«  j: 

■  '  -  Level**  (TCL)  of  97.8  percent.  The  remaining  six  tests  were  >■  . . . 

,„e-  i.  vw It.li  relative  ease, resulting  m  a  TCL  of  100.0  percent. 

.  •  ‘he-  kc-l  ot  Vectors  was  generated  for  the  Vendor  B  ALU.  Based  ~i 

g  .’—.toria  of  the  ATVG  Program,  20,"»  tests  are  required  (all  le  =*  , 

v«  ■  Prorraru  generated  26  vecto-s  which  accomplished  251  testf  ■  -  • 1 

■  •lipiishod).  Tots  represents  a  TCL  of  94.7  percent. 


■  ■  ht  A  P\ . ;  Program,  the  number  of  t»\sts  needed  to  clr-'-l:  a  le, 

i  -o  j.  ■.«  equal  to  the  total  number  of  irate  pins  plus  connector  rms. 


\t:c  jr.ipUfh-  .1 


X  ll'U  r  Trent 
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To  determine  the  TCL  that  could  be  obtained  by  testing  one  device  with  the  test  I 

vectors  generated  for  the  other  and  vice  versa,  two  additional  runs  were  made  using  I 

the  Fault  Simulation  Option  of  the  ATVG  Program,  First  the  vectors  generated,  by  | 

ATVG,  for  the  Vendor  E  ALU  were  run  using  the  Vendor  B  ALU  logic  flow  diagram.  | 

A  total  of  260  of  the  265  tests  required  were  accomplished  resulting  in  a  TCL  of  | 

98, 1  percent.  When  the  Vendor  B  ALU  generated  Vectors  were  run  using  the  Vendor  1 

B  ALU  logic  flow  diagram  256  of  the  268  required  tests  were  accomplished  resulting  | 

in  a  TCL  of  95.5  percent.  It  should  be  noted  that  the  Vendor  E  ALU  has  a  five  input  f 

gate  where  the  Vendor  B  ALU  has  a  four  input  gate.  Therefore,  the  Vendor  B  ALU  | 

vectors  did  not  test  the  extra  input  of  the  Vendor  E  ALU.  The  vector  set  generated  J 

for  the  Vendor  E  unit  provided  for  a  100  percent  TCL  for  both  logic  mechanizations.  | 

Table  I  is  a  tabulated  summary  of  the  above  discussion.  f 


Vendor 

E 

Vendor 

B 

B  Tested 
with  E  Vectors 

E  Tested 
with  B  Vectors 

Tests  Necessary 

282 

265 

— 

— 

Tests  Relevent  to 
the  Function 

274 

265 

— — 

Tests  Accomplished 
by  ATVG 

268 

251 

260 

256 

Tests  Accomplished 
Manually 

6 

*14 

— — — 

— 

Number  of  Vectors 
Generated  by  ATVG 

31 

27 

— 

— 

Number  of  Vectors 
Generated  Manually 

4 

*10 

— 

ATVG  TCL 

97.8% 

94.7% 

98. 1% 

95.5% 

ATVG  +  Manual  TCL 

100% 

100% 

100% 

99.6% 

*  Those  specified  as  manual  were  determined  both  by  hand  and  sorting 
the  tests  accomplished  by  cross  checking  the  Vendor  B  and  E  test  vectors. 

Table  10. 1.  Tabulated  Summary 


142 


‘^OTEESSSf*?? 


NOTE  1:  The  purpose  of  the  following  discussion  is  to  explain  the  differences 
between  the  Vendor  E  and  Vendor  B  ALU’s. 

abz=E> 


Vendor  E 

The  truth  tables  for  both  G20 ’s  are  as  follows : 

Vendor  E  Vendor  B 


A 

B 

C 

A 

B 

c 

1 

0 

0 

0 

0 

0 

0 

2 

1 

1 

0 

1 

1 

0 

3 

1 

0 

1 

1 

0 

1 

4 

0 

1 

1 

0 

1 

0 

It  should  be  noted  that  for  condition  4 ,  a  different  output  is  obtained. 

For  both  G20’s  to  be  logically  equivalent,  condition  4  must  be  prohibited  by  the 
drivi  logic. 


A 

B 


G20 


Vendor  B 


a 

*i 


The  driving  logic  for  both  G20’s  is 
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The  Boolean  equations  for  the  last  are: 

Boolean  Equations: 

A  =  (D  F  I)  +  (E  F  I)  =  (D  +  F  +  T)  (ST  +  F  +  I) 
A  =  BE  +B  F  +  E  E  +  Y 


■  B  =  (FG)  +  (FH)  +  (I)  =  (F  +  G)  (F  +  H)  (I) 


B  =  FHI  +  FGI  +  GHI 


It  can  be  seen  from  the  Boolean  equations  that  condition  4  cannot  be  attained. 
When  B  is  a  logic  1,  T  must  be  a  logic  1.  However,  if  I  is  a  logic  1,  A  is  a  logic  1, 
Therefore,  as  far  as  the  function  is  concerned  the  Vendor  B  G20  is  equivalent  to  the 
Vendor  E  G20. 


The  same  condition  exists  for  gates  G36,  G54  and  G55. 

The  "Exclusive  OR"  in  the  Vendor  E  device  was  modeled  as: 


Since  all  possible  input  patterns  cannot  be  applied  to  gates  G20,  G36,  G54  and 
G55,  input  A  of  the  NAND  gate  and  input  B  of  the  OR  gate  cannot  be  tested  and  are 
irrelevant  to  the  function. 


The  Vendor  E  and  Vendor  B  devices  also  differ  as  follows:  . 


Vendor  E 


Vendor  B 


'r***,\  fjh*  Tv  *'-*■* 


The  following  two  sets  of  Boolean  equations  ue  derived  to  show  that  both  net¬ 
works  in  the  previous  drawing  perform  the  same  function. 

Vendor  E 

G  =  A 


H  =  (A)  (B  C  D  E  F) 
H  =  A  +  (B  C  D  E  F) 
I  =  C  DEF 
Vendor  B 

G  =  A 


H  =  ((C'D3“F)A)  +  (BA) 

H  =  (C  D  E  F  +  A)(B  +  A)  =  B  C  D  E  F  +  A  B  C  D  E  F  t  A  B  <  A 
11  -  BC  DEG  +  A(BCDEG  +  B  +  1) 

H  =  A  +  (B  C  D  E  F) 


I  =  CDEF 

Since  the  expressions  for  the  respective  outputs  are  identical  both  circuits  per¬ 
form  the  same  function.  As  noted  previously,  vectors  developed  for  the  Vendor  B 
device  which  has  only  a  4  input  gate  did  not  test  the  extra  input  of  the  Vendor  E  con¬ 
figuration  which  is  a  5  input  gate, 

10.4  Functional  Testing  of  the  2  and  4  bit  Full  Address 

Test  vector  sets  were  generated  for  the  2  bit  and  4  bit  full  address  via  our  ATVG 
program.  The  generation  of  the  vector  sets  were  straight  forward;  however,  when 
comparing  the  vectors  for  the  two  mechanizations  of  the  4  bit  adder,  a  discrepancy 
was  found.  The  copy  of  the  Vendor  D  logic  flow  diagram  had  errors  such  that  it  did 
not  function  as  an  adder.  The  corrections  were  obtained  from  the  vendor  and  a  re¬ 
run  was  made  on  the  ATVG  program. 

The  final  output  was: 

1)  A  sot  of  test  vectors  that  provide  for  a  100  percent  TCL  for  the  two 
different  mechanizations  of  the  4  bit  adder. 
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2)  A  set  of  test  vectors  that  provide  for  a  100  percent  TCL  for  the  two 
different  mechanizations  of  the  2  bit  adder. 

10.5  Logic  Integrity  Test  (LIT) 

The  Logic  Integrity  Test  is  a  test  established  to  assure  that  a  logic  network  is 
exercised  to  detect  any  Stuck  "l"  or  Stuck  "0"  conditions  on  all  logic  element  leads 
relevent  to  the  network  function.  However,  the  logic  realization  of  the  function  r.rnst 
be  known.  As  previously  demonstrated  with  the  9341-54181  ALU  and  the  2  bit  and 
4  bit  Full  Adders,  one  LIT  can  be  generated  for  more  than  one  logic  realization  of  the 
same  function. 

Using  the  9341-54181  ALU  preliminary  Slash  Sheet  as  an  example,  the  700  or 
800  test  conditions  in  the  procedure  did  not  check  the  entire  logic  network.  Approxi¬ 
mately  16  percent  of  the  logic  could  be  defective  or  missing  and  the  device  would 
pass  all  tests  in  the  procedure.  The  LIT  would  not  only  exercise  the  entire  network, 
but  would  prevent  exercising  a  lengthy  test  procedure  before  finding  a  static  functional 
defect.  It  is  therefore  recommended  that  a  Logic  Integrity  Test  be  added  to  each 
logic  device  specification. 

Many  of  the  d.c.  parameter  tests  could  be  performed  concurrently  with  the  LIT 
and  therefore  reduce  the  number  of  test  steps  in  the  test  procedure. 

The  Logic  Integrity  Tests  for  the  54181/9341  ALU's,  2  bit  Full  Adders,  4  bit 
Full  Adders  and  the  934X  4  x2  multiplier  are  given  in  tables  10.2,  10.3,  10.4  and 
10.5  respectively. 
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INPUTS 


or  PUTS 


VECTOR  NO. 
1 
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SECTION  XI 
Rewrite  of  Section  3000  of  MIL-STD 
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METHOD  3000 


GENERAL  INSTRUCTIONS 


FOR  TESTING  DIGITAL  MICROELECTRONIC  DEVICES 


t.  Purpose.  This  method  establishes  the  general  instructions  used 
in  '*■  ■  -n-i  digital  microelectronic  devices. 

2  Apparatus.  The  test  instrument  shall  be  capable  of  maini:-vm,..> 
the  test  circuit  at  any  temperature  between  -55°C  and  +125°0  of.  apply!” 
worst  case  power  supply  voltages,  and  of  applying  worst  ca*o  levels  <V  a1’ 
inputs  when  specified. 

3.  Procedure.  The  circuit  under  test  shall  be  stabilized  .  ■  tnyi 
temperature"  specified  in  the  applicable  procurement  document.  Tlio  worm 
power  supply  voltage(s)  shall  be  applied  and  the  inputs  and  outputs  shall  be 
conditioned  as  stated  in  methods  3001  through  30X2  of  this  standard  and  the 
applicable  procurement  document. 

4.  Summary.  The  following  test  tolerances  shall  be  observed  unless 
otherwise  stated  herein  or  in  the  applicable  procurement  document; 

(a)  Ambient  test  temperature  held  to  withir  3°C. 

(b)  Power  supply  and  bias  voltages  held  In  w:i,\  ■  1‘ 

(d  Tnput  conditioning  voltages  held  to  within  i  % 

bP  Input  pulse  parameters, repetition  r-.io  ■  ;(*••■  • 

to  within  5%. 

tel  Breakdown  voltages  held  to  wituin  V" . 

(f)  Output  load  currents.  -  Precaution  shall  b;  ;>>  .»  . 
that  the  maximum  output  load  current  n«  w* 
case  output  voltage  conditions. 

.  0  Resistive  loads  shall  be  ±1%. 

(n /  Capacitive  loads  shall  be  ±5%  or  1  pi  whichever  m  <r  " 

!-P  inductor  loads  shall  be  ±5%  or  5  bH  wir  *r;e\ei  »■ 

{;'•  DO  parameters  shall  be  measured  to  within  • 
meters  shall  L<c  measured  .•->  udh5.,  '• 


METHOD  3001 
DRIVE  SOURCE,  DYNAMIC 

1.  Purpose.  This  method  establishes  a  drive  source  to  be  usv, 
measuring  dynamic  performance  of  logic  gating  and  flip  flop  circuits. 

2.  Apparatus.  Each  driving  source  shall  be  capable  of  supplying 
flat  top  and  bottom  signals  with  rise  transitions  that  are  linear  from  10%  to 
90%  and  fall  transitions  that  are  linear  from  90%  to  10%.  Each  source  shall 
have  controlled  frequencies,  duty  factors,  signal  levels  and  transition  times. 

1  TTL,  DTL.  The  impedance  of  the  driving  source  shall  *>? 

on  'illy  low  to  maintain  the  signal  levels  and  transition  time  linennU'  ^ 
*>-ed  herein  or  in  the  applicable  procurement  document.  The  line:  used 
•a.ism.t  the  driving  signal  shall  be  terminated  in  it’s  characteristic 
mpodance  at  the  test  jig.  Figure  3001  -1  shows  nominal  signal  paramo* or? 

2.2  ECL.  The  driving  source  shall  have  the  capability  of  swing. n : 
srom  nod  to  the  voltage  levels  defined  herein  or  in  the  applicable  procure 
/  umei  u  Particular  care  shall  be  taken  with  the  source  transmission  is 
and  line  termination  to  prevent  ringing.  The  line  shall  be  terminated  in  Us 
characteristic  impedance  at  the  test  jig.  Fig”  '  3u01-2  shows  nominal  signa 
parameters. 


2.3  RTL.  The  driving  source  shall  have  the  capability  of  having  an 
d  level  of  Voh  and  a  down  level  of  W>{.  as  specified  herein  or  in  the 
■'•j.  iic;  •*«  procurement  document.  :  gure  3001-3  shows  nominal  sir.n.j 
' '  >.v  >t,,rs . 

*■  C-MOS,  MQS  (N-Channel).  The  driving  source  shall  ha  ;c-  i 
ai ;  - . i » i r v  of  having  an  up  level  of  Vqh  and  a  down  level  ol  Vqj  .  The 
ip-  i;..  •  >  <>\  the  driving  source  shall  b*-*  sufficiently  low  to  maintain  fy  a 
• '  m*  transition  time  linearities  defined  herein  or  in  the  applicable 
nr  nerd  document.  The  line  used  to  transmit  the  driving  signal  si 
-  •  ■  in  its  characteristic  impedance  at  the  test  jig.  Figure  3001  -«* 

•  \  -Tical  nominal  parameters. 

MQS  (P-Channel).  The  driving  source  shall  have  the  caj;.a!  d; 
v  an  "up  level  of  Vqh  and  a  down  level  of  Vqt.  The  impedar.  •  v  ■: 
g  source  shall  be  sufficiently  low  to  maintain  signal  levels  am 
•-  c  'i-'H’S  as  specified  herein  or  m  the  applicable  procu  -  men*  do> 
m-nt  j'hc:  line  used  to  transmit,  the  driving  signal  shall  be  termrub.d  in  .■  » 
characteristic  impedance  at  the  Lest  jig.  Figum  3001 -a  shows  nominal 
signal  narameters. 


3.  Procedure.  When  using  the  driving  sources  o£  paragraphs  2. 1 
through  2. 5,  the  parameters  shall  be  adjusted  according  to  Figures  3001-1 
through  3001-5  respectively  unless  otherwise  stated  in  the  applicable  pro¬ 
curement  document. 

3.1  TTL,  DTL.  The  driving  source  of  2.1  shall  be  used.  Level 
Va  shown  in  Figure  3601-1  is  critical  to  delay  measurements  and  shall  be 
held  to  within  ±20  mV.  Level  Vg  shall  be  specified  as  a  nominal  Vqjj. 

The  driving  signal  shall  be  measured  at  the  input  terminal  of  the  device 
under  test. 

3.2  ECL.  The  driving  source  of  2.2  shall  be  used.  Voltage  levels 

and  VB  shown  in  Figure  3001-2  shall  be  adjusted  so  that  the  threshold 

point  of  the  device  under  test  is  always  in  the  center  of  the  transition  region. 
The  driving  signal  shall  be  measured  at  the  input  terminal  of  the  device 
under  test. 

3.3  RTL.  The  driving  source  of  2.3  shall  be  used.  Voltage  levels 

and  VD  shown  in  Figure  3001-3  shall  be  specified  as  nominal  VqL  and 

Vqh  respectively.  The  driving  signal  shall  be  measured  at  the  input  terminal 
of  the  device  under  test  with  the  device  removed  from  the  test  jig. 

3.4  C-MOS,  MOS  (N-Channel).  The  driving  source  of  2.4  shall  be 
used.  Voltage  levels  Va  and  Vg  shown  in  Figure  3001-4  shall  be  specified 
as  nominal  Vol  and  Vqh  respectively.  The  driving  signal  shall  be 
measured  at  the  input  terminal  of  the  device  under  test. 

3.  5  MOS(P-Channel).  The  driving  source  of  2. 5  shall  be  used. 
Voltage  levels  Va  and  VR  shown  in  Figure  3001-5  shall  be  specified  as 
nominal  Vol  and  VOH  respectively.  The  driving  signal  shall  be  measured 
at  the  input  terminal  of  the  device  under  test. 

a.  Summary.  The  following  details,  when  applicable,  shall  be 
<}.('(' ified  in  the  applicable  procurement  document: 

(a)  Levels  Va  and  Vg. 

(b)  Driving  signal  transition  times. 

(c)  Repetition  frequency. 

(d)  Duty  factors. 

(e)  Specific  pulse  generator  required. 
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Noise  (  0  to  peak 
<.05  (VB- VA) 


Nominal  Driving  Signal  Parameters 

Repetition  Frequency 

100  K  Hz  ±10% 

Pulse  Width 

= 

1  n  sec 

VA 

= 

OV 

VB 

= 

4V 

fcr  = 

10  n  sec 

iTi 
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Nominal  Driving  Signal  Parameters 


Repetition  Frequency 
Pulse  Width 


1  MHz  ±10% 
100  n  sec 
-1.65  V* 


Repetition  Frequency 

= 

100  KHz  :  10% 

Pulse  Width 

- 

1  M  sec 

VA 

= 

OV 

VB 

= 

IV 

10  n  sec 

Nominal  Driving  Signal  Parameters 


Repetition  Frequency 
Pulse  Width 

VA 

VB 

tr=  tf 


=  10  KHz  ±10% 

=  10  n  sec 

=  ov 

=  10V 

=  20  n  sec 


3001-4  Driving  Signal  for  C-MOS,  MOS  (N-Channel) 


-*•  lf  K 


-*|  lr  K- 


Noise  (  0  to  peak  ) 
<.05  (VB-  VA) 


Nominal  Driving  Signal  Parameters 


Repetition  Frequency 

2; 

10  KHz  ±10% 

Pulse  Width 

SS 

10  p  sec 

VA 

= 

-20  V 

VB 

= 

OV 

tr=  tf 

20  n  sec 

Figure  3001-5  Driving  Source  for  MOS  (P-Channel) 
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METHOD  3002 
LOAD  CONDITIONS 

1.  Purpose.  This  method  establishes  the  load  conditions  to  be 
used  in  measuring  dynamic  performance  of  logic  gating  and  flip  flop  circuits, 
such  as  TTL,  DTL,  RTL,  ECTL  and  MOS. 

2,  Apparatus.  The  load  for  static  tests  shall  simulate  the  worst 
case  conditions  for  the  circuit  parameters  being  tested.  The  load  for 
dynamic  tests  shall  simulate  nominal  conditions  for  the  parameters  being 
tested.  These  loads  shall  be  specified  in  the  applicable  procurement 
document. 


2. 1  Discrete  component  load.  The  load  will  consist  cf  any  com¬ 
bination  of  capacitive,  inductive^  resistive,  or  diode  components. 

2.1.1  Capacitive  Load  (Cj,).  The  total  load  capacitance  of  the 
circuit  under  test  shall  include  probe  and  test  fixture  capacitance  and  a 
compensating  capacitor  as  required.  The  value  of  the  capacitance, 
measured  at  1  MHz  ±10%,  shall  be  specified  in  the  applicable  procurement 
document. 

2.1.2  Inductive  Load  (Lt.).  The  total  load  inductance  of  the  ci rents 
under  test  shall  include  probe  and  test  fixture  inductance  and  a  compensating 
inductor  as  required.  The  value  of  the  inductance,  measured  at  1  MHz  ±10%, 
shall  be  specified  in  the  applicable  procurement  document. 

2.1.3  Resistive  Load  (Ri,).  The  resistive  load  shall  represent  the 
worst  case  fan  out  conditions  of  the  device  under  test  for  static  tests  and 
nominal  fan  out  conditions  for  dynamic  tests.  For  sink  loads,  the  resistor 
shall  be  connected  between  the  power  supply  (Vqc  or  Vde>)  and  the  circuit 
output  for  TTL,  DTL,  RTL,  ECL,  C-MOS,  arid  MOS  (N-Channel)  and 
between  circuit  output  and  ground  for  MOS  (P-Channel).  For  source  loads, 
the  resistor  shall  be  connected  between  circuit  output  and  ground  for  TTL, 
DTL,  RTL,  ECL,  C-MOS,  and  MOS  (N-Channel)  and  between  Vdd  and  circuit 
output  for  MOS  (P-Channel). 

2.1.4  Diode  load  (DiJ.  The  diode  load  shall  represent  the  input 
diode(s)  of  the  circuit  under  test.  The  equivalent  diode,  as  specified  in  the 
applicable  procurement  document,  will  also  represent  the  base-emitter  or 
base-collector  diode  of  any  transistor  in  the  circuit  path  of  the  normal  load. 
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2.2  Dynamic  load  change.  The  load  shall  automatically  change  its 
electrical  parameters  as  the  device  under  test  changes  logic  state  if  this  is 
(he  normal  situation  for  the  particular  family  of  circuits  being  tested.  One 
method  of  accomplishing  this  Onamic  change  is  to  simulate  devices  from  the 
same  logic  family  equal  to  the  nominal  fan  out  as  the  load. 

3.  Procedure.  The  load  will  normally  be  paralleled  by  a  high 
impedance  voltage  detection  indicator.  The  indicator  may  be  either  visual 
or  memory  storage. 

4.  Summary.  The  following  must  be  defined  in  the  applicable 
procurement  document: 

(a)  Cl,  Ll,  Rl>  Dl  and  equivalent  circuit  (see  2.1). 
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METHOD  3003 


DELAY  MEASUREMENTS 


1 .  Purpose.  This  method  establishes  the  means  for  measuring 
p ropagation 'delay" of  logic  gating  and  flip  flop  circuits. 

1. 1  Definitions.  The  following  definitions  for  the  purpose  of  this 
test  method  shall  apply. 

1.1.1  Propagation  delay  (  UT  «).  The  time  measured  with  the 
specified  output  changing  from  tne  defined  high  level  to  the  defined  low  level 
with  respect  to  the  corresponding  input  transition. 

1.1.2  Propagation  delay  (  tpWr  ).  The  time  measured  with  the 
specified  output  changing  from  tne  defined  low  level  to  the  defined  high  level 
with  respect  to  the  corresponding  input  transition. 

2.  Apparatus.  Equipment  capable  of  measuring  elapsed  time 
between  the  input  signal  and  output  signal  at  any  percentage  point  or  voltage 
point  between  the  maximum  low  level  and  minimum  high  level  shall  be  provid. 
The  input  shall  be  supplied  by  a  driving  source  as  described  in  method  3001  of 
this  standard.  It  is  desirable  for  this  equipment  to  have  data  logging  capability 
so  that  circuit  dynamic  performance  distribution  can  be  monitored. 

3 .  Procedure.  The  test  circuit  shall  be  loaded  according  to 
method  3002  of  this  standard.  The  driving  signal  to  the  test  circuit  shall  be 
provided  according  to  method  3001  of  this  standard. 

3.1  Measurements  at  a  Voltage  Point,  t-ju  and  tpjjL  shall  be 
measured  from  the  threshold  voltage  point  on  the  driving  signal  to  the  thres¬ 
hold  voltage  point  on  the  test  circuit  output  signal  for  both  inverting  and  non¬ 
inverting  logic.  These  delays  shall  be  measured  at  the  input  and  output 
terminals  of  the  device  under  test.  The  device  under  ‘..-.s'  shall  be  conditioned 
according  to  the  applicable  procurement  document  witn  n  >minal  bias  voltages 
applied.  Figures  3003-1  and  3003-2  show  typical  delay  measurements. 

3.2  Measurements  at  Percentage  Points.  Lu  and  tpHL  shall  be 
measured  from  a  specified  percentage  point  on  the  arivmg  signal  to  a 
specified  percentage  point  on  the  test  circuit  output  signal  for  both  inverting 
and  noninverting  logic.  These  delays  shall  be  measured  at  the  input  and 
output  terminals  of  the  device  under  test.  The  device  under  test  shall  be 
conditioned  according  to  the  applicable  procurement  document  with  nominal 
bias  voltages  applied.  Figures  3003-1  and  3  003-2  show  typical  delay 
measurements. 
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4.  Summary.  The  following  details  must  be  specified  in  the 
applicable  procurement  document: 

(a)  tpLH  and  tpHL  limits. 

(b)  Parameters  of  the  driving  signal,  when  applicable. 

(c)  Load  conditions. 

(d)  Conditioning  voltages. 

(e)  Measurement  points  (see  3.1  and  3.2). 

(f)  Power  supply  voltages. 


159 


Driving  Signal 


I 


I 

I 

I 

J  H —  — ►! 


METHOD  3004 

TRANSITION  TIME  MEASUREMENTS 


1 .  Purpose.  This  method  establishes  the  means  for  measuring  the 
output  transition  times  of  logic  gating  and  flip  flop  circuits. 

1 . 1  Definitions.  The  following  definitions  shall  apply  for  the  purpose 
of  this  method. 

1.1.1  Rise  time  (tr).  The  transition  time  of  the  output  from  10%  to 
90%  or  10%  to  a  specified  value  of  output  voltage  with  the  specified  output 
changing  from  the  defined  low  level  to  the  defined  high  level. 

1.1.2  Fall  time  (tf).  The  transition  time  of  the  output  from  90%  to  10% 
or  90%  to  a  specified  value  of  output  voltage  with  the  specified  output  changing 
from  the  defined  high  level  to  the  defined  low  level. 

2.  Apparatus.  Equipment  capable  of  measuring  the  elapsed  time 
between  the  10%  to  90%  or  10%  to  a  specified  voltage  on  the  rise  transition 
and  the  90%  to  10%  or  90%  to  a  specified  voltage  on  the  fall  transition  of  the  ' 
test  circuit  output  shall  be  provided.  It  is  desirable  for  this  equipment  to  have 
data  logging  capability  so  that  circuit  dynamic  performance  distribution  can  be 
monitored. 

3.  Procedure.  The  test  circuit  shall  be  loaded  according  to 
method  3002  of  this  standard.  The  driving  signal  to  the  test  circuit  shall  be 
provided  according  to  method  3001  of  this  standard. 

3.1  Measurement  of  tr  and  tf .  The  rise  transition  time  (tr)  at 
the  output  of  the  test  circuit  shall  be  measured  from  the  10%  points  to  the  90% 
points  or  from  the  10%  points  to  a  specified  voltage  point.  Fall  transition 
time  (tf)  at  the  outputs  of  the  test  circuit  shall  be  measured  from  the  90%  point, 
to  the  10%  points  or  from  the  90%  points  to  a  specified  voltage  point.  These 
measurements  shall  be  made  at  the  test  circuit  terminals.  The  device  under 
test  s..all  be  conditioned  according  to  the  applicable  procurement  document  r>' 
nominal  bias  voltages  applied.  Figures  3004-1  and  3004-2  show  hpical  trans: 
tion  time  measurements. 

4.  Summary.  The  following  details  must  be  specified  in  the 
applicable  procurement  document: 

(a)  tr  limits 

(b)  tf  limits 

(c)  Transition  time  measurement  points  if  othr’-  !■  10%  or  0()% 

(d)  Parameters  of  the  driving  signal,  when  applicable. 

(o)  Conditioning  voltages. 

(f)  Load  condition, 

(g)  Power  supply  voltages. 
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METHOD  3005 


POWER  SUPPLY  CURRENT 


1 .  Purpose,  This  method  establishes  the  means  for  measuring 
power  supply  currents  of  logic  gating  and  flip  flop  circuits  such  as  TTL, 
RTL,  ECTL,  DTL  (JcC),  and  MOS  (IDD  and  I GG). 

2.  Apparatus.  Equipment  capable  of  applying  prescribed  voltage 
to  the  test  circuit  power  supply  terminals  and  measuring  the  resultant 
currents  flowing  in  these  terminals  shall  be  provided. 

3 .  Procedure. 

3.  *CCH  (Logic  Gate).  Inputs  ~f  the  device  under  test  shall  be 
v»ini\t5oned  in  such  a  way  as  to  provide  u.n  up  level  at  the  output,  the  v;  ;/*;> 

>  use  supply  voltage(s)  shall  be  applied  and  the  resultant  current  flow  in  the 
supply  terminals  measured. 

3. 2  IcCL  (Logic  Gate).  Inputs  of  the  device  under  test  shall  be 
conditioned  in  such  a  way  as  to  provide  a  down  level  at  the  output,  the  worst 
case  supply  voltage(s)  shall  be  applied  and  the  ultant  current  flow  in  the 
supply  terminals  measured. 

3  * 3  klCQH  (Flip  Flop).  Inputs  of  the  device  under  test  shall  be 

•  nditioned  in  such  a  way  as  to  provide  an  up  level  at  the  Q  output;  the 

•  r  ■  <?  voltage(s)  shall  be  applied  and  the  resultant  current  flow  in  In* 

•  *  *■  rminals  measured. 

''  !  ICC§H  (Flip  Flop).  Inputs  .'f  the  device  under  test  shall  be 
"  '  i'jnecl  mi  such  a  way  as  to  provide  an  up  level  at  the  Q  output;  the  woi 
-  ' '  '  gets)  shall  be  applied  end  the  -osultant  current  flow  in  the  s*:: .  , 

.  .>h!  i  ^  measured. 


3.  V  Inn  (MOS  Logic  Gate).  Inputs  of  the  device  under  test  shall  b. 
‘.i  M?d  in  such  a  way  as  to  provide  an  up  level  at  the  output  of  MOS 
a-.f'el  and  C-MOS)  or  a  down  level  at  the  output  of  MOS  (N-ChanmS  .  : 
worst  case  voltage(s)  shall  be  applied  and  the  resultant  current  1  >  % 
’••m  s  nply  terminals  measured. 


’OG  (MOS  P-Channel  and  N-Channel  Logic  Gates).  Inputs  o»  h 
uce  under  test  shall  be  conditioned  in  such  a  way  as  to  provide  an  up  lev  . 
the  cc'rui  of  MOS  (P -Channel)  or  a  down  level  at  the  output  of  MOS  (N* 


worst  case  v-.»!tace(s)  r  hull  be  nppb  -d  and  the  resultant-  cu  * 
.  ,-upplv  terminals  measure. 


;r»5 


3. 7  *DDQL  (MO S  Hip  Flop).  Inputs  of  the  device  under  test  shall 
bo  conditioned  in  such  a  way  as  to  provide  a  down  level  at  the  Q  output; 
worst  case  voltage(s)  shall  be  applied  and  the  resultant  current  flow  in  the 
supply  terminals  measured. 

3.  *  ^DQL  (MOS  Flip  Flop).  Inputs  of  the  device  under  test  sliall  be 
conditioned  in  such  a  way  as  to  provide  a  down  level  at  the  Q  output;  worst 
case  voltage(s)  shall  be  applied  and  the  resultant  current  flow  in  the  supply 
terminals  measured. 

3.9  InnQT.  (MOS  (N-Channel  and  P -Channel)  Flip  Flop).  Inputs  of 
the  device  under  test  shall  be  conditioned  in  such  a  way  as  to  provide  a  down 
level  at  the  Q  output;  worst  case  voltage(s)  shall  be  applied  and  the  resultant 
leakage  current  flow  in  the  supply  terminals  measured. 

3.10  V;r^T,  (MOS  (P-Channel  and  N-Channel)  Flip  Flop).  Inputs  ot 
the  device  under  test  shall  be  conditioned  in  such  a  way  as  to  provide  a  down 
level  at  the  Q  output;  worst  case  voltage(s)  shall  be  applied  and  the  resultant 
leakage  current  flow  in  the  supply  terminals  measured. 

3.11  Idd  Dynamic  (C-MOS  Logic  Gating  and  Flip  Flop  Circuits).  The 
driving  signal  to  the  test  circuit  shall  be  provided  according  to  method  3001 
of  this  standard;  the  worst  case  voltage(s)  shall  be  applied  and  the  resultant 
current  flow  in  the  supply  terminals  measure. 

4.  „  Summary.  The  following  details  must  be  specified  in  the 
applicable  procure ...»ent  document: 

(a)  Test  temperature, 

(b)  Power  supply  voltages. 

(°)  ^CH*  *CCL’  *DD’  and 

(d)  Conditioning  of  inputs. 
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METHOD  3006 

HIGH  LEVEL  OUTPUT  VOLTAGE 


1.  Purpose.  This  method  establishes  the  means  for  assuring 
circuit  performance  to  the  limits  specified  in  the  applicable  procurement 
document  in  regard  to  high  level  output  drive,  which  may  be  specified  as  a 
minimum  value  VqH  mjn  or  as  a  maximum  Vqh  max*  This  method 
applies  to  TTL,  DTL,  RTL,  ECTL,  and  MOS  logic  gating  and  flip  flop 
circuits. 

2.  Apparatus.  An  instrument  shall  be  pi '  vided  that  has  the 
capability  of  forcing  current  from  the  output  terminal  for  TTL,  DTL,  RTL, 
ECTL,  MOS  (N-Channel)  and  C-MOS  and  forcing  current  into  the  output 
terminal  for  MOS  (P-Channel)  of  the  test  circuit  and  measuring  the  resultant 
output  voltage.  Magnitude  and  tolerance  of  this  current  shall  be  defined  in 
the  applicable  procurement  document. 

3.  Procedure.  Worst  case  power  supply  voltages  and  worst  case 
input  levels  including  guaranteed  noise  margins  shall  be  applied  to  the  test 
circuit  to  provide  an  up  level.  Forcing  current,  equal  to  the  circuit  worst 
case  high  level  fan  out,  shall  then  be  applied  to  the  test  circuit  output 
terminal  and  the  resultant  output  voltage  measured.  For  an  inverting  gate, 
every  input  shall  have  the  maximum  low  level  voltage  applied  individually 
with  the  output  measurement  being  made  after  each  input  is  conditioned. 

4.  Summary.  The  follow?. ig  details  must  be  specified  in  the 
applicable  procurement  document: 

(a)  Test  temperature. 

(b)  Current  to  be  forced  from  or  into  output  terminal. 

(c)  Power  supply  voltage. 

(d)  Input  levels. 

^  vOH  min  or  VOK  max  limits* 
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circuit  performance  to  th^irJtemtcuSd'in'tt8  the  !?eans  for  assuri"K 

zzzzix"  Vj  5?  ssz dri- ""~uiernl 
at*  ”■ 

'  -Pabihty  onorc^^re^So^rouh  f!^U  be.ProvW«* U»t  has  the 

•-  MOS  vXZJffi  2Ss.!rom  the  0“^  for’  rt""  *3 
■'■"S.te.  Magnitude  and  tolerance  of  thf~  cf  “leafurinB  ths  resultant  outre 
W'mable  procurement  document.  Dt  staU  be  de«»^  =»  the 

*'«it  iveis  S^ltar^ed  nn?<?  power.suPP1y  voltages  an-  worst 

CJ  rcnit  t0  Provide  a  low  level  outo™  Forlfn^  Shall.be  aPPiied  to  U*  ti^t 
worst  case  low  level  fan  out,  shaUbe  ?°  the  circuit 

the  resultant  output  voltage  measured  t0  th®  test  ?ircuit  output  and 

shall  have  the  minimum  high  level  voltaee  amtiS"1*!?8*?11®  ga£e>  everv  inP«t 
measurement  being  made  after  eachtpSj^ondiHoS  "*  Wtth  “*  °ul‘)ut 

VplicnMe  pfK^uremeBt  dMumetitr^''^  d<itails  must  be  specified  in  «:<> 

;/-)  Test  temperature 

\b)  Current  to  be  forced  nr*  .. 

(?)  Power  supply  voUr,  °m  the  output  terminal. 

<d)  Input  levels  and  noise  margins. 

*  0L  max  or  V0L  ;>lin  limits. 
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METHOD  3008 

BREAKDOWN  VOLTAGE,  INPUT  OR  OUTPUT 


1.  Purpose.  This  method  establishes  the  means  for  assuring 
device  performance  to  the  limits  specified  in  the  applicable  procurement 
document  in  regard  to  input  and  output  breakdown  voltage  symbolized  as 
(BVin)  and  (BVqut^  respectively.  These  tests  shall  be  the  first  tests 
performed  on  any  device. 


2. 1  Method  A.  This  test  is  generally  performed  to  assure  that 
breakdown  does  not  occur  on  a  device.  An  instrument  shall  be  provided  that 
has  the  capability  of  forcing  a  specified  voltage  at  the  input  or  output  terminal 
of  the  test  circuit  and  measuring  the  resultant  current  flowing  in  that  terminal. 
The  test  instrument  shall  also  have  the  capability  of  applying  voltage  levels  to 
all  other  terminals.  Care  should  be  taken  to  assure  that  the  test  equipment 
dot.s  not  inadvertently  apply  voltage  to  the  device  under  test  that  will  exceed 
die  maximum  rating  of  each  terminal  and  that  the  current  from  (he  test  equip¬ 
ment  is  sufficiently  limited  so  that  the  device  is  not  destroyed,  TM-  method 

•s  ,i.i  also  be  used  to  test  the  ability  of  power  supply  terminals  to  witiismnd  a 
voltage  overload. 

2. 2  Method  B.  This  test  is  generally  performed  to  assure  that  break¬ 
down  does  occur  on  a  device  as  specified  in  the  applicable  procurement 
document.  An  instrument  shall  be  provided  that  has  the  capability  of  forcing 

a  specified  voltage  and  source  impedance  at  the  input  or  output  terminal  of  the 
test  circuit  and  measuring  the  resultant  voltage  at  that  terminal.  The  test 
instrument  shall  also  have  the  capability  of  applying  voltage  levels  to  all  other 
terminals.  Care  should  be  taken  to  assure  that  the  test  equipment  does  not 
iradvertently  apply  voltage  to  the  device  under  test  that  will  exceed  the 
maximum  rating  of  each  terminal  so  that  the  device  is  not  destroyed. 

3.  Procedure 

3.1  Method  A.  All  terminals,  with  the  exception  of  the  test  terminal, 
shall  be  conditioned  according  to  the  applicable  procurement  document.  A 
prescribed  voltage  shall  be  applied  to  the  designated  input  or  output  terminal 
and  the  resultant  current  measured.  When  testing  for  breakdown,  all  input  and 
output  terminals  shall  be  tested  individually.  At  the  conclusion  of  the  test,  the 
device  shall  be  functional. 


3.2  Method  B.  All  terminals,  with  the  exception  of  the  test 
terminal,  shall  be  conditioned  according  to  the  applicable  procurement 
document.  A  prescribed  voltage  with  a  prescribed  series  source  impedance 
shall  be  applied  to  the  designated  input  or  output  terminal  and  the  voltage  at 
that  terminal  measured.  At  the  conclusion  of  the  test,  the  device  shall  be 
functional. 

4.  Summary.  The  following  details  must  be  specified  in  the 
applicable  procurement  document: 

(a)  Test  temperature. 

(b)  BVjn  and  BVqut* 

(c)  Conditioning  voltages  for  all  other  terminals. 

(d)  Source  impedance  (Method  B). 

(e)  Maximum  breakdown  current  limits  or  minimum 

breakdown  terminal  voltage. 


METHOD  3009 


INPUT  CURRENT,  LOW  LEVEL 


1.  Purpose.  This  method  establishes  the  means  for  assuring 
circuit  performance  to  the  limits  specified  in  the  applicable  procurement 
document  in  regard  to  low  level  input  load  which  may  be  specified  as  a 
minimum  value  (IjL  m$n )  or  as  a  maximum  value  (IjL  max). 

2.  Apparatus.  An  instrument  shall  be  provided  that  has  the 
capability  of  applying  the  worst  case  down  voltage  to  the  input  terminal  of 
the  test  circuit,  (and  worst  case  levels  on  the  other  inputs)  and  measuring 
the  resultant  current  flowing  in  the  input  terminal.  Magnitude  and 
tolerances  of  these  voltages  shall  be  defined  in  the  applicable  procure¬ 
ment  document. 

3.  Procedure.  Worst  case  power  supply  voltages  and  worst  case 
input  voltages  shall  be  applied  to  the  test  circuit  and  the  resultant  current 
Ut  wiug  in  Inc  input  terminal  shall  be  measured.  All  inputs  shah  be  tested 

individually. 

•1.  Summary.  The  following  details  must  be  specified  in  the 
applicable  procurement  document: 

(a)  Test  temperature. 

(b)  Power  supply  voltages. 

(c)  Input  voltages. 

(d)  Worst  case  voltages  at  other  input  terminals. 

(e)  IlL  max  or  Iil  min* 


METHOD  3010 


INPUT  CURRENT,  HIGH  LEVEL 


1 .  Purpose.  This  method  establishes  the  means  for  assuring 
circuit  performance  to  the  limits  specified  in  the  applicable  procurement 
document  in  regard  to  high  level  input  load  which  may  be  specified  as  a 
maximum  value  (Ijjj  mqy)  or  a  minimum  value  (Ijjj  min). 

2.  Apparatus.  An  instrument  shall  be  provided  that  has  the 
capability  of  applying  the  worst  case  up  voltage  to  the  input  terminal  of  the 
test  circuit,  and  worst  case  levels  at  the  other  inputs,  and  measuring  the 
resultant  current  flowing  in  the  input  terminal.  Magnitude  and  tolerance  of 
these  voltages  shall  be  defined  in  the  applicable  procurement  document. 

3.  Procedure.  Worst  case  power  supply  voltages  and  worst 
case  input  voltages  shall  be  applied  to  the  test  circuit  and  the  resultant 
current  flowing  in  the  input  terminal  shall  be  measured.  All  inputs  shall 
be  tested  individually. 

4.  Summary.  The  following  details  must  be  specified  in  the 
applicable  procurement  document: 

(a)  Test  temperature. 

(b)  Power  supply  voltages. 

(c)  Input  voltage. 

(d)  Worst  case  input  voltages  at  other  input  terminals. 

(e)  *IH  max* 


METHOD  3011 


OUTPUT  SHORT  CIRCUIT  CURRENT 


1 .  Purpose.  This  method  establishes  the  means  for  assuring 
circuit  performance  to  the  limits  specified  in  the  applicable  procurement 
document  in  regard  to  output  short  circuit  current  (Lyg).  This  method 
applies  to  TTL,  DTL,  ECTL,  RTL,  and  MOS  logic  gating  and  flip  flop 
circuits. 


2.  Apparatus.  An  instrument  will  be  provided  that  has  the 
capability  of  forcing  a  voltage  specified  in  the  applicable  procurement 
document  at  the  output  terminal  of  the  device  under  test  and  measuring  the 
resultant  current  flowing  in  that  terminal.  The  test  instrument  shall  also 
have  the  capability  of  applying  specified  voltage  levels  to  all  other  inputs. 

3.  Procedure.  Each  output  per  package  shall  be  tested  individually. 

3.1  TTL,  DTL  ECTL,  RTL,  MOSjP-Channel  and  N -Channel). 

Inputs  of  the  device  unaer lest  shall  be  conditioned  in  such  a  way  as  to 
provide  a  high  level  at  the  output  for  TTL,  DTL,  ECTL,  RTL,  and  MO£ 
(N-ChannelJ  and  a  low  level  at  the  output  for  MOS  (P-Channel).  The  output 
terminal  shall  be  forced  to  0  volt  potential  and  the  resultant  current  flow 
measured. 


3.2  C-MOS  lpgfl.  Inputs  of  the -device  under  test  shall  be  con¬ 

ditioned  in  such  a  way  as  to  provide  a  high  level  at  the  output.  The  output 
terminal  shall  be  forced  to  0  volt  potential  and  the  resultant  current 
flow  measured. 

3.3  C-MOS  IpgL.  Inputs  of  the  device  under  test  shall  be 
conditioned  in  such  a  way  as  to  provide  a  low  level  at  the  output.  The  output 
terminal  shall  be  forced  to  a  voltage  potential  specified  in  the  procurement 
document  and  the  resultant  current  flow  measured. 

4.  Summary.  The  following  details  must  be  specified  in  the  applicable 
procurement' "document: 

(a)  Test  temperature. 

(b)  Input  conditioning  voltages. 

(c)  Power  supply  voltages. 

(<D  k)S  ma,:  '->*  k>S  min 
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METHOD  3012 


TERMINAL  CAPACITANCE 


1.  Purpose,  This  method  establishes  the  means  for  assuring 
circuit  performance  to  the  limits  specified  in  the  applicable  procurement 
document  in  regard  to  terminal  capacitance.  This  method  applies  to  all 
logic  gating  and  flip  flop  circuits. 

2.  Apparatus.  An  instrument  will  be  provided  that  lias  the 
capability  of  applying  a  1  MHz  controllable  amplitude  signal  superimposed 
on  a  variable  plus  or  minus  DC  voltage.  The  instrument  will  also  have  the 
capability  of  measuring  the  capacitance  of  this  terminal  to  within  the  limits 
and  tolerance  specified  in  the  applicable  procurement  document. 

3.  Procedure.  This  test  may  be  performed  at  room  temperature. 
The  capacitance  measuring  bridge  shall  be  connected  between  the  input  or 
output  terminal  and  the  ground  terminal  of  the  test  circuit.  The  bridge  shall 
lie  adjusted  for  a  signal  of  1  MHz,  50  MV  in  amplitude  1'iding  a  bias  level 
specified  in  the  applicable  procurement  document.  With  no  device  in  the 
test  socket  the  bridge  shall  then  be  zeroed.  For  capacitance  values  below 
20  pi,  the  device  shall  be  connected  directly  to  the  bridge  with  leads  as  short 
as  possible  to  avoid  the  effects  of  lead  inductance.  After  inserting  the  device 
under  test  and  applying  the  specified  bias  conditions,  the  terminal  capacitance 
shall  be  measured  and  compared  to  the  limits  listed  in  the  applicable  pro- 
curement  document, 

4.  Summary.  The  following  details  must  be  specified  in  the 
applicable  procurement  document: 

(a)  Circuit  bias  conditions. 

(b)  Bias  level  at  which  measurements  are  to  be  made. 

(c)  Maximum  capacitance  limits. 


METHOD  3013 


NOISE  MARGIN  MEASUREMENTS  FOR 
MICROELECTRONIC  LOGIC  GATING  AND  FLIP  FLOP  CIRCUITS 


1.  Purpose.  This  method  establishes  the  means  of  measuring  the 
DC  (steady  state)  and  AC  (transient)  noise  margin  of  microelectronic  logic 
gating  and  flip  flop  circuits  or  to  determine  compliance  with  specified  noise 
margin  requirements  in  the  applicable  procurement  document.  It  is  also 
intended  to  provide  assurance  of  interchangeability  of  devices  and  to  eliminate 
misunderstanding  between  manufacturers  and  users  on  noise  margin  test 
procedures  and  results.  The  standardization  of  particular  combinations  of 
test  parameters  (e.g. ,  pulse  width,  pulse  amplitude,  etc. )  does  not  preclude 
the  characterization  of  devices  under  test  with  other  variations  in  these 
parameters.  However,  such  variations  shall,  where  applicable,  be  provided 
as  additional  conditions  of  test  and  shall  not  serve  as  a  substitute  for  the 
requirements  established  herein. 

*  • 1  Definitions.  The  following  definitions  shall  apply  for  the  pur- 
i .oses  of  this  test  method: 

(a)  Noise  margin.  Noise  margin  is  defined  as  the  voltage  amplitude  oi 
extraneous  signal  which  can  be  algebraically  added  to  the 
noise-free  worst  case  ’’input”  level  before  the  output 

voltage  deviates  from  the  allowable  logic  voltage  levels. 

The  term  "input”  (in  quotation  marks)  is  used  here  to  refer 
to  logic  input  terminals  or  ground  reference  terminals. 

(b)  DC  noise  margin.  DC  noise  margin  is  defined  as  the  DC 
voltage  amplitude  which  can  be  algebraically  added  to  the 
noise-free  worst  case  ’’input”  level  before  the  output  exceeds 
the  allowable  logic  voltage  levels. 

(c)  AC  noise  margin.  AC  noise  margin  is  defined  as  the 
transient  or  pulse  voltage  amplitude  which  can  be  algebraically 
added  to  the  noise-free  worst  case  "input”  level  before  the 
output  voltage  exceeds  the  allowable  logic  voltage  levels. 

1.2  Symbols.  The  following  symbols  shall  apply  for  the  purposes  of 
this  test  method  and  shall  be  used  in  accordance  with  the  definitions  provided 
(see  1.2.1,  1.2.2,  and  1.2.3)  and  depicted  in  Figures  3013-1,  3013-2,  and 
3013-3. 
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1.2.1  Logic  levels. 


Vjl  max-*  The  maximum  allowed  input  "low"  level  in  a 
logic  system. 

Vjl  min:  The  minimum  allowed  input  "low"  level  in  a 
logic  system. 

Vjh  max:  The  maximum  allowed  input  "high"  level  in  a 
logic  system. 

VjH  min:  The  minimum  allowed  input  ’’high"  level  in  a 
logic  system. 

Vqt  ma*:  The  maximum  output  "low"  level  specified  for  a 
logic  gating  or  flip  flop  circuit. 

VqL  mar  is  also  the  noise-fres  worst  case  input 

"zero"  level. 


min4 


VOL  max  ^  ^il  max 

Vqh  min'  The  minimum  output  "high"  level  specified  for  a 
logic  gating  or  flip  flop  circuit. 
vOH  min  18  181180  the  noise-free  worst  case  input 
"high"  level. 

^OH  min  ^IH  min 

1.2.2  Noise  margin  levels. 

VNL;  The  "low"  level  noise  margin  which  can  be  algebraically 
added  to  Vql  mw  before  the  output  level  exceeds  the 

allowed  logic  level. 

VNH:  The  "high"  level  noise  margin  which  can  be  algebraically 
added  to  Vqh  min  before  the  output  level  exceeds  the 

allowed  logic  level. 

VnG+:  The  positive  voltage  which  can  be  algebraically  added  to 
the  ground  level  before  the  output  exceeds  the  allowed 
logic  level  determined  by  worst  case  logic  input  levels. 

VNG-4  The  negative  voltage  which  can  be  algebraically  added  to 
the  ground  level  before  the  output  exceeds  the  allowed 
logic  level  determined  by  worst  case  logic  input  levels. 
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Vj»jp+ :  The  positive  voltage  which  can  be  algebraically  added 

to  the  noise-free  worst  case  upper  power  supply  voltage 
before  the  output  exceeds  the  allowed  logic  level 
determined  by  worst  case  logic  input  levels. 

vNP-:  The  negative  voltage  which  can  be  algebraically  added  to 
the  noise-free  worst  case  lower  power  supply  voltage 
before  the  output  exceeds  the  allowed  logic  level 
determined  by  worst  case  logic  input  levels. 

1.2.3  Noise  pulse  widths. 

PWL:  The  "low”  level  noise  pulse  width,  measured  at  the 
VjL  max  level. 

PWjj:  The  "high"  level  noise  pulse  width,  measured  at  the 
VIH  min  level* 

2*  Apparatus.  The  apparatus  used  for  noise  margin  measurements 
shall  include  a  suitable  source  generator  (see  2.1),  load  (see  2.2),  and 
voltag&.  detection  devices  for  determining  logic  state. 

2.  X  Source  generator.  The  source  generator  for  this  test  shall  be 
capable  r  '  supplying  the  required  AC  and  DC  noise  inputs.  In  the  case  of 
pulsed  inputs  the  rise  and  fall  times  of  the  injected  noise  pulse  shall  each  be 
maintained  to  less  than  20%  of  the  pulse  width  measured  at  the  50%  amplitude 
level.  For  the  puxpose  of  this  criteria,  the  rise  and  fall  times  shall  be 
defined  as  the  transition  times  between  the  10%  and  90%  amplitude  levels. 

The  pulse  repetition  rate  shall  be  sufficiently  low  that  the  element  under  test 
is  at  steady-state  conditions  prior  to  the  application  of  the  noise  pulse.  For 
the  purpose  of  this  criteria,  doubling  the  repetition  rate  or  duty  cycle  shall 
not  affect  the  outcome  of  the  measurement. 

2.2  Load.  The  load  for  this  test  shall  simulate  the  circuit  pa  ru- 
meters  of  the  normal  load  which  would  be  applied  in  application  of  the  device 
under  worst-case  conditions.  The  load  shall  automatically  change  its 
electrical  parameters  as  the  device  under  test  changes  logic  state  if  tin;  is 
the  normal  situation  for  the  particular  device  load.  The  load  shall  be 
paralleled  by  a  high  impedance  voltage  detection  device. 

3.  Procedure.  The  device  shall  be  connected  for  operation  using 
a  source  generator  and  load  as  specified  (see  2),  and  measurements  shall  be 
made  of  Vnl,  VnH>  V^q,  vNP>  ^  PWH  f°H°winS  the  procedures  for 
both  AC  noise  margin  and  DC  noise  margin  (see  3.2  through  3.3.3). 
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General  considerations. 


3.1.1  Non-propagation  of  injected  noise.  As  defined  in  1 , 1 ,  noise 
margin  is  the  amplitude  cf  extraneous  signal  which  may  be  added  to  a 
noise-free  worst  case  "input"  level  before  the  output  breaks  the  allowable 
logic  levels.  This  definition  of  noise  margin  allows  the  measurement  of 
both  DC  and  AC  noise  immunity  on  logic  inputs  or  power  supply  lines  or 
ground  reference  lines  by  detection  of  either  a  maximum  ’’low”  level  or  a 
minimum  ’’high”  level  at  the  output  terminal.  Since  the  output  level  never 
exceeds  the  allowable  logic  level  under  conditions  of  injected  noise,  the 
noise  is  not  considered  to  propagate  through  the  element  under  test. 

3.1.2  Superposition  of  simultaneously  injected  noise.  Because  the 
logic  levels  are  restorediafter  one  stage,  and  because  the  noise  margin 
measurement  is  performed  with  all  ’’inactive”  inputs  at  the  worst  case  logic 
levels,  the  proper  system  logic  levels  are  guaranteed  in  the  presence  of 
simultaneous  disturbances  separated  by  at  least  one  stage. 


3.1.3  Characterization  of  AC  noise  margin.  Although  the  purpose  of 
this  standaid  test  procedure  is  to  insure  interchangeability  of  elements  by  a 
single-point  measurement  of  AC  noise  margin,  the  test  procedure  is  well 
suited  to  the  measurement  of  AC  noise  margin  as  a  function  of  noise  pulse 
width.  In  particular,  for  very  wide  pulse  widths,  the  AC  noise  margin 
asymptotes  to  a  value  identically  equal  to  the  DC  noise  margin. 

3.2  Test  procedure  for  DC  noise  margin. 

3.2.1  Worse  case  configuration.  The  measurement  of  DC  noise 
margin  using  a  particular  logic  input  terminal  should  correspond  to  the  worst 
case  test  configuration  in  the  applicable  procurement  document.  For  example, 
the  measurement  of  "low"  level  noise  margin  for  a  positive-logic  inverting 
NAND  gate  should  be  performed  under  the  same  worst  case  test  conditions  as 
the  DC  measurement  of  Vqh  min*  If the  worst  case  DC  test  conditions  for 

vOH  min  lire  high  power  supply  voltage,  all  unused  logic  inputs  connected  to 
Vqh  min  and  output  current  equal  to  zero,  these  conditions  should  be  applied 
to  the  corresponding  DC  noise  margin  measurement. 

3.2.2  ’’Low”  Level  noise  margin,  Vni,.  The  "low"  level  noise  margin 
test  is  normally  performed  during  the  Vqh  test  inverting  logic  and  during 
the  Vqp,  test  for  non-inverting  logic.  The  noise  margin  is  cnlcula-'-ed  from  the 
following  expression: 


VNL  =  vIL(max)  -  VOL(max) 
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3.2.3  "HiglV  Level  noise  margin,  Vtjw.  The ’’high”  level  noise 
margin  test  is  performed  during  the  Vql  test  for  inverting  logic  and  during 
the  Voh  test  for  non-inverting  logic.  The  noise  margin  is  calculated  from 
the  following  expression: 

VNK  =  vOH(min)  '  vIH{min) 

3.2.4  Negative  ground  noise  margin,  Vwrt-»  With  all  power  supply 

and  output  terminals  connected,  to  the  appropriate  worst  case  conditions, 
apply  VOL(max)  to  the  inputs  specified  in  the  applicable  module  document 
and  decrease  the  voltage  applied  to  the  ground  terminal  until  the  output  levels 
ec.uai  inverting  logic  aiid  VjL(max)  for  non-inverting  logic.  The 

DC  ground  ncis**  margin  is  the  voltage  measured  at  the  device  ground  terminal. 
The  DC  source  resistance  of  the  injected  ground  line  voltage  shall  be  negligible. 

3.2.5  Positive  ground  noise jinargin,  Vng+«  With  all  power  supply 
and  output  terminals  connected  to  the  appropriate  worst  case  conditions,  apply 
VOH(min)  to  the  inputs  specified  in  the  applicable  module  documenfcand 
increase  the  voltage  applied  to  the  ground  terminal  until  the  output  levels  equal 
VjL(max)  f°r  inverting  logic  and  Vm(min)  for  non-inverting  logic.  The  DC 
ground  noise  margin  is  the  voltage  measured  at  the  device  ground  terminal. 

The  DC  source  resistance  of  the  injected  ground  line  voltage  shall  be  negligible. 

3.2. 6  Power  supply  noise  margin,  Vnp*  or  Vj^p-.  With  all  input,  power 
supply,  and  output  terminals  connected  to  the  appropriate  worst  case  conditions, 
increase  (or  decrease)  the  power  supply  voltage(s)  until  the  output  level  equals 
the  appropriate  logic  level  limit.  The  power  supply  noise  marg'  n  is  the 
difference  between  the  measured  supply  voltage(s)  and  the  appropriate  noise-free 
worst  case  supply  voltage  level(s).  If  more  than  one  power  supply  is  required, 
the  noise  margin  of  each  supply  should  be  measured  separately. 


3.3.1  AC  noise  margin  test  point.  If,  for  any  combination  of  noise  pulse 
width  or  rise  and  fall  times,  the  AC  noise  margin  is  less  than  the  DC  noise 
margin,  the  noise  pulse  amplitude,  pulse  width,  and  rise  or  fall  time  which 
produce  the  minimum  noise  margin  shall  be  used  as  the  conditions  for  test. 

If  the  AC  noise  margin  exceeds  the  DC  noise  margin,  the  DC  noise  margin  rests 
only  shall  be  performed. 
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3  "  2  '"Low"  Level  noise  margin,  PV/t,.  With  all  unused  lo- ic  input, 
power  supply,  and  output  terminals  connected  to  the  appropriate  -  orst  case 
conditions,  a  positive-going  noise  pulse  shall  be  applied  to  the  '  .put  under 
test.  The  pulse  amplitude  shall  be  equal  tv  Vqh  min  Minus  VqL  max;  the 
pulse  shall  be  superimposed  on  a  DC  level  equal  to  VOL  max;  and  the  rise 
and  fall  times  shall  be  much  loss  than  the  minimum  transition  times  of  the 
device  under  test.  The  test  is  performed  by  initially  adjusting  the  input  pulse 
width  at  the  .9  amplitude  level  to  one  and  one  quarter  times  the  rise  time. 

The  pulse  width  is  increased  until  tuo  output  voltage  is  equal  to  Vjjj  max  for 
inverting  logic  and  equal  to  Vjl  min  *0f  non-inverting  logic.  The  noise  margin 
pulse  width  is  then  measured  at  the  input  pulse  Vjl  max  level. 

3.3.3  "High'*  Level  noise  margin,  PWh.  With  all  unused  logic  input, 
power  supply,  and  output  terminals  connected  to  the  appropriate  worst  case 
conditions,  a  negative-going  noise  pulse  shall  be  applied  to  the  input  unde? 
test.  The  pulse  amplitude  shall  be  equal  to  Voh  min  minus  Vql  max-  the 
pulse  shall-  be  superimposed  on  aiDC  level  equal  to  Voh  min;  and  the  rise  fall 
times  shall  be  much  less  than  the  minimum  transition  times  ox  the  device  under 
test.  The  test  is  performed  by  Initially  adjusting  the  input  pulse  width  at  the 
.1  amplitude  level  to  one  and  ope  quarter  times  the  rise  time.  The  pulse 
width  is  increased  until  the  output  voltage  is  equal  to  Vjl  min  for -inverting 
logic  and  Vjjj  max  *or  non-inverting  logic .  The  noise  margin  pulse  width  is 
then  measured  at  the  input  pulse  ViH  min  level. 

4.  Summary^  The  following  details,  when  applicable,  shall  be 
specified  in  the  applicable  procurement  document: 


(a) 

ViL  max 

(h) 

VlL  min 

(c) 

VIH  min 

(d) 

VIH  max 

(e) 

^OL  max 

if) 

vOH  min 

(g) 

Vnl 

(h) 

Vnh 

tn 

VNG 

tj) 

VNP 
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(k)  PWL 

(l)  P% 

(m)  Test  temperature.  Unless  otherwise  specified  DC  noise 
margin  measurements  shall  be  made  at  the  rated  operating 
temperature  extremes  in  addition  to  any  other  nominal  test 
temperatures. 

(n)  Specific  noise  margin  measurements  and  conditions  which  are 
to  be  performed. 

(o)  Power  supply  voltages. 

(p)  Input  conditioning  voltages. 

(q)  /  Output  loads 

(r)  Parameters  of  noise  signal. 


181 


i&iti 


OUTPUT 


METHOD  3013  -  Continued 


IL-rnin  VQL 

max  max 


Limiting  Transfer 
Characteristic 


0  Test  points  in  Logic  Gating 
format 

0  Test  points  for  DC  Noise 
Margin 

VNH  =  DC  voltage  below  VOH  min 

at  the  gate  input  that  will 
result  in  an  output  below 
VTH  min 

VNL  *  DC  voltage  added  to  V' 

..  .  0L  mi 

that  will  cause  the  gates 

output  to  excMd  Vn, 

+• 


INPUT 


'IGUPE  3013-3. 


Non-invertingjo^ic  gate  transfer  characteristic 
dafining  test  points . 
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METHOD  30X1 
LOGIC  INTEGRITY  TESTING 


1.  Purpose  This  method  establishes  the  means  for  assuring  that  a 

implex  logic  network  is  exercised  to  detect  any  open,  s-uek  high  level,  or 
stuck  low  level  conditions  on  all  logic  element  leads  relevant  to  the  network 
function. 

2.  Apparatus.  An  instrument  shall  be  provided  that  has  the 
capability  of  applying  a  sequential  logic  pattern  to  the  inputs  as  specified  in 
the  applicable  procurement  document.  The  test  instrument  shall  also  be 
capable  of  applying  nominal  power  supply  ;es  and  of  monitoring  the  outputs 
for  the  resultant  logic  pattern. 

3.  Procedure.  The  circuit  under  test  shall  be  stabilized  to  the  test 
temperature  specified  in  the  applicable  procurement  document.  Nominal  power 
supply  voltages  and  the  input  logic  pattern  shall  then  be  applied  to  the  test  circuit 
and  the  output  pattern  monitored.  Figures  30X1-1,30X1-2  and  30X1-3  illustrate 
the  objective  of  the  logic  integrity  test.  The  test  sequence  may  be  performed 
concurrently  when  performing  Method  3006,  High  Level  Output  Voltage,  and 
Method  3007,  Low  Level  Output  Voltage,  of  this  document. 

4.  Summary.  The  following  details  shall  be  specified  in  tne 
applicable  procurement  document: 


(a) 

(b) 

(c) 

(d) 

(e) 

(f) 


Test  temperature 
Power  supply  voltages 
Input  conditioning  voltage  levels 
Input  logic  patterns  (when  applicable) 
Output  logic  patterns  (when  applicable) 
Output  logic  levels  (when  applicable) 


(g)  Input  logic  levels  (when  applicable) 


* 

4 

* 
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METHOD  30X2 


FLIP  FLOP  FUNCTION  TESTING 


1.  Purpose.  This  method  establishes  the  means  for  assuring 
circuit  performance  to  the  limits  specified  in  the  applicable  procurement 
document  in  regards  to  functional  operation,  i.e.  a  J-K  Flip  Flop  operates 
as  a  J-K  Flip  Flop. 

2.  Apparatus.  An  instrument  shall  be  provided  that  has  the 
capability  of  applying  a  sequential  logic  pattern  to  the  inputs  as  specified  in 
the  applicable  procurement  document.  The  test  instrument  shall  also  be 
capable  of  applying  nominal  power  supply  voltages  and  of  monitoring  the 
outputs  for  the  resultant  logic  pattern. 


3.  Procedure.  The  circuit  under  test  shall  be  stabilized  to  tho 
test  temperature  specified  in  the  applicable  procurement  document. 

Nominal  power  supply  voltages  and  the  input  logic  pattern  shall  then  be  applied 
to  the  test  circuit  and  the  output  pattern  monitored.  Typical  input/output 
patterns  are  shown  in  Figure  30X2-1  through  30X2-3.  This  test  sequence  may 
be  performed  concurrently  when  performing  Method  3006,  High  Level  Output 
Voltage,  and  Method  3007,  Low  Level  Output  Voltage,  of  this  document. 

4.  Summary.  The  following  details  shall  be  specified  in  the 
applicable  procurement  document: 

(a)  Test  temperature 

(b)  Power  supply  voltages 

(c)  Input  conditioning  voltage  levels 

(d)  Input  logic  pattern  (when  applicable) 

(c)  Output  logic  pattern  (when  applicable) 

(f)  Output  logic  levels  (when  applicable) 
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2.  r  1  Bit  time  after  clock  pulse. 

FIGURE  30X2-1 
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Notes:  1.  tn  =  Bit  time  before  clock  pulse. 

2.  tjj  +  i  =  Bit  time  after  clock  pulse, 


FIGURE  30X2-2 


R.  S.  TRUTH  TABLE 


Notes:  1.  tn  =  Bit  time  before  clock  pulse. 

2.  tn  +  i  =  Bit  time  before  clock  pulse., 

3.  bid.  =  Indeterminate 

FIGURE  30X2-3 
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MILITARY  SPECIFICATION 
MICROCIRCUITS  LINEAR, 
DIFFERENTIAL  VOLTAGE 
COMPARATOR. 
MONOLITHIC  SILICON 


1.  SCOPE 

1.1  Scope.  This  specification  covers  the  detail-requirements  for  monolithic, 
silicon  voltage  comparator.  Three  product  assurance  classes  and  a  choice  of 
case  outline  and  lead  finish  are  provided  for  each  type  and  are  reflected  in  the 
complete  pari  number. 

1 . 2  Part  number .  The  complete  part  number  shall  be  as  shown  in  the  following 
example: 


M3  8510 

/103 

01 

B 

A 

C 

Military 

Detail 

Device 

Device 

Case 

Lead  finish 

designator 

specification 

type 

class 

outline 

(3.3.2) 

(1.2.1) 

(1.2.2)  (1.2.3) 

1.2.1  Device  type.  The  device  type  shall  be  as  shown  in  the  following: 

Device  type  Circuit 

01  Single  Differential  Voltage  Comparator 

02  Dual  Channel  Differential  Voltage  Comparator 

03  Single  Voltage  Comparator,  Buffer 

1.2.2  Device  class.  The  device  class  shall  be  the  product  assurance  level  as 
defined  in  MIL-M-38510. 

1.2.3  Case  outline.  The  case  outline  shall  be  designated  as  follows: 

Case  outline  A  -  (1/4"  X  1/4"  14  lead  flat  pack) 

Case  outline  C  -  (Dual-in-line  pack) 

Case  outline  G  -  (8  lead  can) 

Case  outline  H  -  (1/4"  X  1/4",  10  lead  flat  pack) 

Case  outline  I  -  (10  lead  can) 
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1.2.4  Absolute  maximum  rating 


Positive  Supply  Voltage - - — 

Negative  Supply  Voltage - 

Output  Voltage - - — - - 

Output  to  Negative  Supply  Voltage - 

Input  Voltage  Range-- - - - - — 

Differential  Input  Voltage - 

Peak  Output  Current  ~ - 

Sink  Current - ---• - 


Type  01 

Type  02 

Type  03 

+  14.0  V 

+ 14.0V 

+  15. 0V 

-7.0V 

-7.0V 

-15.0V 
+24. 0V 
30.0V 

±7.0V 

±7.0V 

f7.0V 

±5.0V 

±5.0V 

±5.0V 

10  ma 

50  ma 

100  ma 

10  sec 

10  sec 

10  sec 

6.0V 

6.0V 

65°C  to 

+150°C 

150°C 

150°C 

150°C 

300°C 

300°C 

300°C 

Strobe  Voltage — - —  6.0V  6.0V 

Storage  Temperature  Range - —  -65°C  to  +150°C 

Junction  Temperature - — - —  150°C  150°C  150°C 

Lead  Temperature(soldering ,  60  sec)  300®C  300°C  300°C 

1.2.5  Recommended  operating  conditions. 

Supply  voltage  range - - - --+Vcc  =  12.0Vdc,-Vcc  =  -6.0Vdc(type  01+02) 

Supply  voltage  range - + Vcc  =  12.0Vdc,-Vcc  =  -3.0to  =  12.0Vdc 

Operating  temperature  range - -55  to  +  125°C  (type  03) 

1.2.6  Power  and  Thermal  characteristics. 

Case  Package  Maximum  allowable  Maximum  Maximum 


Case 

outline 


14  lead  FP 
Dual -in- line 
8  lead  can 
10  lead  FP 
10  lead  can 


Maximum  allowable 
power  dissipation 
420  mw  ,Tc  =  J21P  C 
500  mw,  Tc  =  125°C 
360  mw,  Tc  =  125°C 
420  mw,  Tc  =  125°C 
360  mw,  Tc  =  125°C 


Maximum 

Maximum 

0  J-C 

0  J-A 

bTOT 

IFW 

50°C/W 

150°C/W 

70°C./W 

220°  C/W 

60°C/W 

220°C/W 

70°C/W 

185°C/W 

2.  APPLICABLE  DOCUMENT 

2.1  The  following  document,  of  the  issue  in  effect  on  date  of  invitation  for  bids  or 
request  for  proposal,  forms  a  part  of  thi3  specification  to  the  extent  specified  herein. 

SPECIFICATION 

MILITARY 

MIL-M-38510  -  Microcircuits,  General  Specification  for. 

(Copies  of  specifications,  star-lards,  drawings,  and  publications  required  by  suppliers 
in  connection  with  specific  procurement  functions  should  be  obtained  from  the  procuring 
activity  or  as  directed  by  the  contracting  officer.) 
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3.  REQUIREMENTS 


3.1  Detail  specifications .  The  individual  item  requirements  shall  be  in  accordance 
with  MlL-M-365ifl,  and  as  specified  herein. 

3.2  Design,  construction,  and  physical; dimensions.  The  design,  construction, 
and  physical  dimensions  shall  be  as  specified  in  MIL-M-38510  and  herein. 

3.2.1  Circuit  dtegram  and  terminal  connections.  The  circuit  diagram  and  terminal 
connectfons  efiall  be  as  specified  on  figure  5. 

3.2.2  Schematic  circuit.  The  schematic  circuit  shall  be  as  specified  on  figure  6. 

3.3  Lead  material  and  finish. 

3.3.1  Lead  material.  Lead  material  shall  conform  to  one  of  the  following  chemical 
compositions: 

(a)  Kovar  -  MIL-3TD-1278,  Type  K 

(b)  Alloy  42  - 


Nickel - 

Manganese 
Carbon  -  - 
Silicon-  -  - 
Iron  -  -  -  - 


41  to  43  percent. 

0.50  percent,  maximum. 
0.10  percent,  maximum. 
0.25  percent,  maximum. 
Remainder. 


3.3.2  Leadfinieh. 


Finish  letter 


Lead  frame  material  and  coating 


A  Kovar  or  Alloy  42  with  hot  solder  dip 

B  Kovar  or  Alloy  42  with  bright  tin  plate 

C  Kovar  or  Alloy  42  with  gold  plate 

The  lead  finish  shall  conform  to  one  of  the  following,  as  applicable: 

(a)  Hot  solder  dip  -  Minimum  thickness  of  300  microinches  of  solder 
(SN80  or  SN  83)  over  primary  finishes  in  accordance  with  (b)  or 

(c)  below. 

(b)  Bright  acid  tin  plate  -  Thickness  between  100  and  400  microinclse.s . 
Nickel  underplating  is  optional. 

(c)  Gold  plate  -  In  accordance  with  Type  K  requirements  of  MIL-STD-1276, 
except  that  the  thickness  of  the  nickel  undercoating,  if  used,  shall  be 
100  microinches,  maximum. 


? 

£ 

i 

£ 

l 


3 . 5  Rebonding.  Rebonding  shall  be  in  accordance  with  MIL-M-38510.  The  total 
number  of  rebond  attempts  shall  be  limited  to  a  maximum  of  10  percent  of  the  total 
number  of  bonds  in  the  microcircuit.  The  10  percent  limit  on  rebonds  may  be 
interpreted  as  the; nearest  whole  number  to  the  10  percent  value.  A  bond  shall  be 
defined  as  a  wire  to  post  or  wire  to  pad  bond  (i.e. ,  for  a  14  lead  wire  bonded 
package  there  are  28  bonds).  Bond-offs  required  to  clear  the  bonder  after  an 
unsuccessful  first  bond  attempt  need  not  be  considered  as  rebonds  provided  they  can 
be  identified  as  bond-offs  by  being  physically  off  the  plated  post  or  if  they  contain  a 
non-typical  number  of  wedge  marks.  The  initial  bond  attempt  need  not  be 

visible.  A  replacement  of  one  wire  bonded  at  one  end  or  an  unsuccessful  bond  attempt 
at  one  end  of  the  wire  counts  as  one  rebond;  a  replacement  of  a  wire  bonded  at  both 
ends  counts  as  two  rebonds.  A  ball  bond  on  top  of  a  ball  bond  is  not  permissible. 

No  more  than  one*rebond  attempt  shall  be  permitted  at  any  pad  of  post  and  no  rebonds 
shall  be  meJe  w here  pad  metallization  has  been  lifted , 

3.6  Electricalitest  requirements.  Electrical  test  requirements  shall  be  as 
specified  in  table  III  for  the  applicable  deviceitype  and  device  class .  The  subgroups 
of  table  in  and  limits  of  table  IV  which  constitute  the  minimum  electrical  test 
requirements  for  screening,  qualification  and  quality  conformance,  by  device  class 
are  specified  in  table  n. 


TABLE  n.  Electrical  test  requirements 


MIL-STD-883  test  requirement 

Class  A 
devices 

Class B 
devices 

Class  C 
devices 

Interim  electrical  parameters 
(Pre  Burn-In)  (Method  5094) 

1 

1 

None 

Final  electrical  test  parameters 
(Method  5004) 

1*,2,3,4 

1  *,  2 , 3 , 4 

1 

Group  A  test  requirements 
(Method  5005) 

1.2,3, 4, 
5,6,7 

1,2, 3, 4. 
5,6,7 

1 .2.3, 4, 7 

Groups  B  and  C  end  point 
electrical  parameters 
(Method  5005) 

1,2,3  and 
table  IV 
delta  limits 

Table  TV 
delta  limits 
and  limits 

Table  IV 
delta  limits 
and  limits 

!  Additional  electrical  subgroups 
|  for  Group  C  periodic  inspections 

None 

None 

5,6 

*  PDA  applies  to  subgroup  1  (see  4.3(h)). 


Saber  -  *ps  4  5  and  8  do  not  applv  for  Tvoe  03. 
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3.7  Marking.  Marking  shall  be  in  accordance  with  MIL-M-38510  and  1.2.  At 
the  option  of  the  manufacturer,  the  following  marking  may  be  omitted  from  the 
body  of  the  microcircuit,  but  shall  be  retained  on  the  initial  container. 

(a)  Country  of  origin. 

(b)  Manufacturer's  identification. 


4. 


PRODUCT  ASSURANCE  PROVISIONS 


4. 1  Sampling  and  inspection.  Sampling  and  inspection  procedures  shall  be  in 
accordance  with  MIL-M-38510  and  Method  5005  of  MiL-STD-883,  except  as 
modified  herein. 

4.2  (Qualif  icationf  inspec tion.  Qualification  inspection  shall  be  in  accordance  with 
MIL-M-38510,  Inspections  to  be  performed  shall  be  those  specified  herein  for 
groupWA,  B,  and  C  ^spectiohs:(s^-4.4.1,  4.4.2,  and  4.4.3)^  ^ter  qualification 
of  one  or  more  electrically  and  structurally  similar  types  with  a  single  lead  finish, 
other  lead  finishes  ofVthe  same  casfioutline  may  b|  qualified  byssubmitting  a 

single  type  in  the  qualified  case  outline  to  the  group  B,  subgroup  3  test  and  the 
group  C,  subgroups  1'-,  3,  and  4  tests. 

4.3  Screening.  Screening  shall  be  in  accordance  with  Method  5004  of  MIL- 
STD-8§3^  Knd  slull  be  cohduct'jd.onrtdl  devices  prior  to  qualification  and  quality 
conformance  inspection.  The  following  additional  criteria  shall  apply: 

(a)  Test  samples  for  the  group  B  bond  strength  test  specified  in 
Method  5005  of  MIL-STD-883  may,  at  the  manufacturer's  option 
be  randomly  selected  immediately  following  the  internal  visual 
(precap)  inspection  and  prior  to  sealing  (see  4.4.2(b)). 

(b)  Temperature  cycling  (Method  1010  of  MIL-STD-883). 

(1)  Omit  seal  test  as  post-test  measurement, 

(c)  Thermal  shock  (Method  1011  of  MIL-STD-883),  when  substituted 

for  temperature  cycling. 

(1)  Omit  seal  test  as  post-test  measurement. 

(d)  Burn-In  Test  (Method  1015  of  MIL-STD-883). 

(s)  Reverse  bias  burn-in  and  interim  electrical  test  in  accordance 
with  3.1. 10  of  Method  5004  of  MIL-STD-883  shall  be  omitted. 

(f)  Interim  and  final  electrical  test  parameters  shall  be  as  specified 
in  table  II,  except  interim  electrical  parameters  test  prior  to 
burn-in  is  optional  at  the  discretion  of  the  manufacturer. 
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(g)  External  visual  inspection  shall  not  include  measurement  of 
case  and  lead  dimensions. 


(h) 


Percent  defective  allowable  (PDA)  -  The  PDA  is  specified  as 
5  percent  for  class  A  devices  and  10  percent  for  class  B  ‘devices 
based  on  failures  from  ^roup  A,  subgroup  4  test  after  cool-down 
as  final  electrical  testrin  accordance  withuMethod  5004  of 
MJL-STD-883 ,  and  with  nVintervening  electrical  measurements . 

If  interim  electrical  parameter  tests  are  performed  prior  to 
burn-in,  failures  resulting  horn  pre  burn-in  screening  may  be 
excluded  from  the  PDA.  If  interim  electrical  parameter  tests 
prior  to  burn-in  are  omitted,  then  ail  screening  failures  shall  be 
included  in  the  PDA.  The  verified  failures  of  group  A,  subgroup  1 
after  burn-in  in  that  lot  shall  be  used  to  determine  the  percent 
defective  for  that  lot,  and  the  lot  shall  be  accepted  or  rejected  based 
ontfieiPpffifOr  thi^pHcaMerdeyice  class. 


4. 4  Quality  conformance  inspection, 
in  accordance  with  MIL-M-38510. 


Quality  conformance  inspection  shall  be 


4.4.1  Group  A  ^inspec  tion.  Group  A  inspectibhfshall^cpnsisftof  theltest  sub¬ 
groups  and  LTPD  values  "shown  in  table  I  of  Method  5005  of  MIL-STD-883  and 
as  follows: 


(a)  Subgroups  9,  10,  and  11  shall  be  omitted. 

(b)  Tests  shall  be  as  specified  in  table  II. 


4.4.2  Group  B  inspection.  Group <B  inspection  shall  consist  of  the  lest  sub¬ 
groups  and  LTPD  values  shown  in  table  Iliof  Method" 5005  of  MIL-STD-883  and 
as. follows: 


(a)  End  point  electrical  parameters  shall  be  as  specified  in  table  JI. 


(b)  Bondistrength  test  may  be  conducted  on  samples  collected  prior 


sealing  (see  4.3(a)). 

(c)  Operating  life  test  (Metnod  1005  of  MIL-STD-883). 


4.4.3  Group  C  ^inspection.  Group  C  inspection  shail  consist  of  t?:s  test  sub¬ 


groups  and  LTPD  values  shown  in  table  ni  of  Method  5005  of  MJL-STD-683 

'u?  follows; 


and 


(a'  End  point  electrical  parameters  shall  be  as  specified  in  table  II. 

(b)  Lead  torsion  initial  conditioning  prior  to  moisture  resistance  and 
salt  atmosphere  tests  may  be  omitted, 

(c)  Omit  steady  state  reverse  bias  test, 


Methods  of  examination  and  test.  Methods  of  examination  and  Test  shall  be 


as  specified  in  the  appropriate,  tables.  Electrical  test  circuits  as  prescribed  herein 
or  in  the  referenced  test  methods  of  MIL-STD-883  shall  be  acceptable.  Other 
*-sl  ''ir-uihs  sh:>.!‘.  require  the  approval  of  the  qualifying  aclivS*-/. 
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i. 


K, 


4. 5.1  Voltage  and  current.  All  voltages  given  are  referenced  to  the  micro¬ 
circuit  ground  terminal.  Currents  given  are  conventional  current  and  positive 
when  flowing  into  the  referenced  terminal. 

4. 5.2  Life  test  cool-down  procedure.  When  devices  are  measured  at  25°C 
following  application  of  the  operating  life  or  burn-in  test  condition,  they  shall 
be  cooled  to  room  temperature  prior  to  removal  of  the  bias. 

4.6  Inspection  of  preparation  for  delivery.  Inspection  of  preparation  for 
delivery  shall  be  in  accordance  with  MIL-M-38510.  except  that  the  rough  handling 
lest  shall  not  apply. 

5.  PREPARATION  FOR  DELIVERY 

5.  t  Preservation-packaging  and  paicking.  Microcircuits  shall  be  prepared  for 
delivery  in  accordance  with  MIL-M-38510.  Level  C  requirements  shall  be  used 
unless  otherwise  stated  in  the  ordering  data. 


C.  NOTES 

6. 1  Notes.  The  notes  specified  in  MIL-M-38510  are  applicable  to  this 
specification. 

6.2  Intended  use.  Microcircuits  conforming  to  this  specification  are  intended 
for  use  for  Government  microcircuit  applications  (original  equipment)  and 
logistic  purposes. 

6.3  Ordering  data.  The  contract  or  order  should  specify  the  following: 

ta)  Complete  part  number  (see  1.2). 

(b)  Requirements  for  delivery  of  one  copy  of  the  quality  conformance 
inspection  data  pertinent  to  the  device  inspection  lot  to  he  supplied 
with  each  shipment  by  the  device  manufacturer,  if  applicable. 

<c)  Requirement  for  certificate  of  compliance,  if  applicable. 

(d)  Requirements  for  notification  of  change  of  product  or  process  lo 
procuring  activity  in  addition  to  notification  to  the  qualifying 
activity,  if  applicable. 

to)  Requirements  for  packaging  and  packing,  if  other  than  level  C  of 
MIL-M-55565. 

•f)  Requirements  for  failure  analysis  (including  required  lest  condition 
of  Method  5003),  corrective  action  and  reporting  of  results,  sf 
applicable. 
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(g)  Requirements  for  product  assurance  options. 

(h)  Requirements  for  carriers,  special  lead  lengths  or  lead  forming 
if  applicable.  These  requirements  shall  not  affect  the  part 
number.  Unless  otherwise  specified,  these  requirements  will 
not  apply  to  direct  purchase  by  or  direct  shipment  to  the 
Government. 


Abbreviations,  symbols,  and  definitions  used  herein  are  defined  in 
MIL-SID-131J  and  MIL-STD-1331. 

G-  °  f^sJil^biHty.  Microcircuits  covered  by  this  specification  are 
substitutable  for  the  following  commercial  device  types: 

Device  type  Commercial  type 

01  710 

02  711 

03  106 


. . . 


TYPE  01  AND  02 


k 


TYPE  03 


TEST  CONDITIONS  (TA  «  +125°C)  +VCC  -  12  V,  -Vcc  -  -6  V 
SIC  GEN  £  «  5  Hz,  OUTPUT  -  10  V  (P-P) 

NOTES:  1.  ALL  RESISTORS  ARE  57,  TOLERANCE. 

2.  INPUT  APPLIED  TO  BOTH  CHANNELS  OF  DEVICE  TYPE  02, 

STROBE  INPUTS  OPEN. 

3.  FOR  DEVICE  TYPE  03,  STROBE  INPUTS  OPEN. 

FIGURE  7.  -  TEST  CIRCUIT,  BURN-IN  AND  OPERATING  LIFE  TEST 
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.fE  01  AND  02 


500  n 


TYPE  03 


+24  V 
470  0 


TEST  CONDITIONS  (TA  -  +125°C)  +VCC  -  12  V,  -Vcc  -  -6  V 
VIN  -  5  Vdc  (SEE  NOTE  1) 

NOTES:  1.  FOR  DEVICE  TYPE  02,  VJN  SHALL  BE  POSITIVE  INTO  ONE  CHANNEL 
AND  NEGATIVE  INTO  THE  OTHER  CHANNEL,  STROBE  INPUTS  OPEN. 
2.  FOR  DEVICE  TYPE  03,  STROBE  INPUTS  OPEN.  V|N  shall  be  negative. 

FIGURE  8.  -  TEST  CIRCUIT,  BURN-IN  (STEADY  STATE  POWER 
AND  REVERSE  BIAS)  AND  OPERATING  LIFE  TEST 
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Performance  Characteristics 


Table  I.  Electrical  Performance  Characteristics  Type  03 


Table  ).  Electrical  Performance  Charade:; Istici  Type  03 
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TABLE  III.  Group  A  Inspection  Type  01  and  02 


Group  A  Inspection  Type  01  and  02 
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DEFINITIONS 

LOGIC  THRESHOLD  VOLTAGE  -  The  approximate  voltage  at  the  output  of  the 
comparator  at  which  the  loading  logic  circuitry  changes  its  digital  state. 

INPUT  OFFSET  VOLTAGE  -  The  voltage  between  the  input  terminals  when  the 
output  is  at  the  logic  threshold  voltage.  The  input  offset  voltage  may 
also  be  defined  for  the  case  where  two  equal  resistances  are  inserted  in 
series  with  the  input  leads. 

INPUT  OFFSET  CURRENT  -  The  difference  in  the  currents  into  the  two  input 
terminals  with  the  output  at  the  logic  threshold  voltage. 

INPUT  BIAS  CURRENT  •  The  average  of  the  two  input  currents. 

INPUT  VOLTAGE  RANGE  -  The  range  of  voltage  on  the  input  terminals  for  which 
the  comparator  will  operate  within  specifications. 

INPUT  COMMON  MODE  REJECTION  RATIO  -  The  ratio  of  the  input  voltage  range  to 
the  maximum  change  in  input  offset  voltage  over  this  range. 

DIFFERENTIAL  INPUT  VOLTAGE  RANGE  -  The  range  of  voltage  between  the  input 
terminals  for  which  operation  within  specifications  is  assured. 

VOLTAGE  GAIN  -  The  ratio  of  the  change  in  output  voltage  to  the  change  in 
voltage  between  the  input  .terminals  producing  it  with  the  DC  output  level  in 
Che  vicinity  of  the  logic  threshold  voltage. 

RESPONSE  TIME  -  The  interval  between  the  application  of  an  input  step  function 
and  the  time  when  the  output  crosses  the  logic  threshold  voltage.  The  input 
step  drives  the  comparator  from  some  initial,  saturated  input  voltage  to  an 
input  level  Just  barely  in  excess  of  that  required  to  bring  the  output  from 
saturation  to  the  logic  threshold  voltage.  This  excess  is  referred  to  as  the 
voltage  overdrive. 

POSITIVE  OUTPUT  LEVEL  -  The  DC  output  voltage  in  the  positive  direction  witn 
the  input  voltage  equal  to  or  greater  than  a  minimum  specified  amount. 

NEGATIVE  OUTPUT  LEVEL  -  The  DC  output  voltage  in  the  negative  direction  with 
the  Input  voltage  equal  to  or  greater  than  a  minimum  specified  amount, 

OUTPUT  SINK  CURRENT  -  The  maximum  negative  current  than  can  be  delivered  by 
the  comparator* 

PEAK  OUTPUT  CURRENT  -  The  maximum  current  that  may  flow  into  the  output  load 
without  causing  damage  to  the  comparator. 

OUTPUT  RESISTANCE  ■»  The  resistance  seen  looking  into  the  output  terminal  with 
the  DC  output  level  at  the  logic  threshold  voltage. 

POWER  CONSUMPTION  -  The  DC  power  into  the  amplifier  with  no  output  load.  The 
DC  power  will  vary  with  signal  level,  but  is  specified  as  a  maximum  for  the 
entire  range  of  input-signal  conditions. 
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TABLE  1.  Electrical  Performance  Characteristics 
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Alt  Vout  values  ere  nomincl. 

Use  figure  12  unless  otherwise  specified. 
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FIGURE  12  (Continued) 
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NOTES: 

1.  Unless  otherwise  specified: 

VIN  =  V+  =  Vc  =  12  V,  V-  =  OV.  IL  =  1  mA,  RgC  =  o  ii,  Cl  *  100  pF 
and  CREF  =  0. 

2.  Resistor  values  required  to  set  output  voltage. 

a)  For  =  2  to  7  V  dc,  Rl,  R2,  R3,  and  R4  are  determined  as  follows: 

„  .  _ _ «L_  .Xref 


VOUT  ~  VREF  x  Rl  +  R2 
■  R3  <  10  K  « 


Rl  +  R2  =  1  mA 
R4  =  Open  Circuit 


o)  For  VQyq.  -  7  to  37  Vdc,  Rl,  R2,  R3,  and  R4  are  determined  as  follows- 


j  ,  V  x  R3  4  R4 

*OUT  VREF  R4 


R3  R4 
R3  +  R4 


Rl  _r.  10  K 


foUT  -  1  mA 
K3TR4 

R2  =  Open  Circuit 


c)  For  the  purpose  of  this  specification,  the  following  table  shall  be  used 
to  determine  the  resistor  value  required  to  obtain  a  given  nominal  output 


voltage. 


Rl 


vOUT 

2V  5.15  K 

5V  2.15  K 

7.5V  0.33  K 


R2 

R3 

R4 

S1(B) 

si(c) 

S1(D) 

2  K 

1.45  K 

fX' 

5  K 

1.50  K 

rx T 

0.35  K 

7.15  K 

c--o 

29.85  K 

7.15  K 

If  l  »  resistors  are  used  nominal  VQy.p  will  be  achieved  within  in". 
R^  chosen  to  obtain  required  1^  for  given  nominal  output  voltage. 


tp  v  -  _ 

v  OUT 

25°C  to  125°C  ■ 

"TV  s 

*C  v  OUT  - 

-  55°C  to  25°C 


vntiT"t2r?°c  -  Vqut  @  125°c 


f  too°c 


V’ouT  25  C  I 

Vqut  S'  -5&°c  -  Vqut  25°c  .1  go°c  -- 

~  VOUT  @  25°C 


FIGURE  12  -  Test  Circuit  for  Static  and  Dynamic  Tests  (Continued} 
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1.  For  ripple  rejection 

VINS  =  2  V  rms,  10  K  Hz 

RIPPLE  REJECTION  (db)  =  20  log  —^2 

INS 

2.  For  noise 

’'  INS  =  0  v  rms 

Erms  (fiUered  t0  100  Hz  to  10  K  Hz)  =  noise  m  V  rms 
FIGURE  13  -  RIPPLE  REJECTION  AND  NOISE  TEST  CIRCUIT 
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